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ABSTRACT
The US Military requires specific fitness testing, known as the Physical Readiness Test
(PRT), for its members to determine their overall fitness levels. The test currently being used has
been shown to have bias towards heavier mass individuals of up to 20%. Prior research has been
completed and several recommendations have been made to eliminate mass bias, but this has
been conducted almost exclusively on males. There is very little data and research on military
physical fitness testing for women besides combat specific evolutions exercises. A possibility
exists to eliminate the bias for females through implementing load carriage during PRT events. A
specified load is to be placed on women while performing the PRT and compared to a nonloaded control test. The results should show if the load carriage devised has a beneficial effect on
current testing methods through eliminating the mass bias for women.
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CHAPTER ONE: INTRODUCTION
1.1 Introduction to Topic
Conflict is an inevitable reality that has been continuously repeated throughout the
history of humanity. There is little doubt that our unfortunate seeming need to war, which started
with the earliest of our ancestry, will project itself upon future generations. Whether engagement
is brought about by politics, religion, or desired conquest, states and nations have needed the
ability to defend themselves from one another. Organized and well-structured armed forces were
born out of necessity. These militaries have shaped world history from the conquest of
Alexander the Great to the World Wars of contemporary generations. The nations of the world’s
armed services continue to play a major role in modern society. Military establishments have
transformed throughout the centuries with the advancement of science, technology, sociology,
and countless other catalyst of change. Although pronounced changes have occurred to militaries
and even expansion of roles, such as disaster relief assistance, they are still at their cores a
fighting force. Fighting forces must be mission ready and operationally effective in order to carry
out required duties.
The foundation of a successful mission is directly contingent upon the overall health,
training, and mental acuity of those tasked. Fitness has been shown to play a very important role
in all of the aforementioned mission essential factors. Virtually every modern military
organization realizes the importance of fitness and has designed specific tests for judging and
maintaining the appropriate minimum fitness level of its individuals. Unfortunately, some of the
fitness tests being used have met criticism for bias towards certain participants. Mass bias (bias
towards heavier mass, not just higher BMI individuals) in the testing can result in a deleterious
1

and significant effect to the U.S. Military’s overall physical fitness programs and personnel. This
research examines current U.S. Military physical fitness standards and the relevant work to the
topic pertaining to bias in testing methods and mitigation of the problem. A test has been devised
utilizing load carriage during normal physical fitness assessments that may eliminate mass bias
through a simple means (weighted exercise vests). A consideration of bias significance and a
historical review of the physical readiness testing (PRT) standards is done to understand the basis
of original test design. This is jointly assessed with an inspection of the modern U.S. military
population demographic and physiology trends. Prior research is studied concerning bias with
both the “normalized” and “gender neutral” testing standards; completed along with
recommendations from current research to mitigate such concerns. Research trends, ongoing
work, and recommendations of such are also outlined.

Figure 1: Gender of U.S Active Duty Members 2011 (DMDC, 2011)
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1.2 Significance of Research
Physical fitness is an important part of military life. The U.S. Military requires its
personnel to complete two physical fitness test annually, also known as physical readiness test or
(PRT). Some branches, such as the Marines, require additional testing in combat readiness or
Combat Fitness Test (CFT). For the most part, the PRT requirements are the same throughout the
branches with minor exceptions.
Table 1: Required exercise tests by branch
Branch

Upper Body Muscular
Strength/Endurance

Trunk Muscular
Strength/Endurance

Aerobic Capacity

Army

2- minute push ups

2- minute curl-ups

2-mile run

Air Force

1- minute push ups

1-minute curl-ups

1.5 mile run

Navy

2- minute push-ups

2-minute curl-ups

1.5 mile-run

The scores of individuals taking the test are recorded by their respective local command
personnel and entered into their evaluation files. Although overall job performance and
occupational knowledge test scores are more heavily weighted in determining advancement, PRT
scores are also considered and maintained on file throughout a service persons career. The
promotion processes within the branches are highly competitive and a low PRT score could
certainly sway the decision for one’s individual advancement over another. Perhaps even more
important, individuals can be discharged from the military if they fail a certain number of fitness
tests within a specific period. For example, the U.S. Navy (USN) allows 3 failures within any
given four year span. If a member fails one test, they are usually put on a probationary status that
involves required health information sessions, monitoring, and mandatory exercise regimens. It
can be seen that a failure in any PRT can lead to serious unwanted consequences. The overall
3

purpose of the physical readiness tests is to gauge the current fitness levels of its personnel. If the
mass bias is not mitigated, the military is not accurately assessing its members and the PRT is
not meeting its conceived goal. Several command level individuals responsible for fitness testing
of various branches/divisions have been interviewed and agree this specific research is valuable
to them and will be very beneficial to the military’s fitness programs in general.
Summary of research significance/possible benefits/contribution


Current military fitness testing bias is unfair to certain members who could lose out on
career advancement or be discharged from the military altogether. A need exists to
eliminate the mass bias found within the military PRT that is easy to implement and a
real world solution that commanders will actually use. This research could provide that
solution.



Elimination of the mass bias could result in the military having an accurate view of
overall fitness levels which is the ultimate goal of the PRT. In turn, it would improve
operational readiness, management of future health programs, and the overall wellbeing
of its members.
1.3 Theoretical Foundation of Work
The theoretical foundation of this research is based upon several past works which relate

to allometric scaling, mass bias, and recommendations to eliminate such bias in military fitness.
There is a moderate amount of work detailing the mass bias that exists within military fitness
tests, but a limited amount of research offering solutions to the problem. Vanderburgh and
Crowder state, “In exercise science, allometry can be used to understand how certain outcome
variables of physical performance are related to one-, two-, or three-dimensional factors such as
4

height, cross-sectional area, or mass, respectively.” Allometric scaling laws are used to show the
proportionality in these dimensional factors. In the 1RM test, 1RM is directly proportional with
muscle cross sectional area which in turn is proportional to 〖mass〗^ (2/3). The authors used
these equations and applied them to four theoretical individuals taking the PRT. Two males of
differing mass 60 kg and 90 kg and two females of 45kg and 75kg. The results show that bias
towards body mass can range from 14.7% to 20% dependent on mass and the scoring system of
the service (Vanderburgh & Crowder, 2006). This research outlines the bias that exists within the
testing and shows the need for improvement because of bias. (Bilzon, J. L. J., Allsopp, A. J., &
Tipton, M. J. 2001) pioneered research in the field of loaded carriage by experimenting with
individuals and VO_2 on treadmills. The authors were able to identify a mass bias towards
heavier individuals in timed runs that are meant to predict fitness. They also concluded that these
types of test were not a good indicator of job performance where load carriage is necessary.
Positions that require a lot of material handling, for instance, should not be measured with timed
distance run testing. This load carriage research was expanded upon by (Vanderburgh, P. M.,
Mickley, N. S., & Anloague, P. A. 2011) in which 56 male cadets were used in a loaded carriage
study to determine if mass bias could be eliminated specifically for military fitness testing. Tests
were conducted for 2 out of 3 events which the US Military requires scoring (timed run and
push-ups). The research succesfully showed loading cadets with a 30 lb back pack eliminated
bias. There was correlation between mass and scores at -0.38 (p = 0.0039) for the pushups and
0.42 (p < 0.0013) for the timed distance run in the unloaded condition. The loaded run displayed
different results with personnel obtaining scores at a reduction of 32.2% for the push-ups and
18.8% for the run. There was correlation between mass and scores at only -0.06 (p = 0.661) for
the pushups and 0.06 (p =0.661) for the timed distance run. The goal being a correlation of 0
5

between mass and repitions or time in the case of the distance run. Research of this nature is the
theoretical foundation of my work. It should be noted that all quantifiable testing was conducted
on male subjects and the load carriage study involving military fitness testing was not conducted
on all required events. To date, there is no study that offers evidence that adding load to female
subjects would be a viable option to eliminate mass bias.

Figure 2: Unloaded vs Loaded 2MR (Vanderburgh, P. M., Mickley, N. S., & Anloague, P. A.
2011)
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1.4 Research Question
The premise of mass bias lies within allometric scaling laws in that individuals with
different masses will experience bias in the PRT when performing the required test exercise
components. It has been revealed that service member’s performance on physical fitness testing
is correlated with their mass. Generally, the higher the mass for a member, the lower their PRT
scores will be. Research shows adding load carriage for a male population can effectively
eliminate the bias and add more occupational relevance to testing because general military duties
often involve material handling different loads. Although there has been studies in this arena on
males, no empirical proof exists where conclusions can be made for females in this testing or if
loaded curl-ups eliminate bias as well. Curl-Ups were not tested because of the use of back packs
for loading.
Research Question:

Does adding load carriage to all the separate components of the Navy Physical Fitness Testing
eliminate body mass bias for women in each event?
Ho: The correlation coefficient is NOT significantly different from 0 (for each PRT event).
Ha: The correlation coefficient IS significantly different from 0 (for each PRT event).

7

1.5 Contribution to the Body of Knowledge
The proposed research stands to contribute to the human body of knowledge in several
ways that could impact military fitness testing. There remains a large gap of knowledge for
female performance related to military fitness testing. No data or research on women & load
carriage specific to the PRT exists. This research would contribute to the understanding of
female fitness performance relative to load carriage and military testing. If a viable method exists
that could make the PRT fair, it should be fully understood for both genders so that it could be
implemented at commands.
Load carriage testing for mass bias elimination has never been done for all PRT events, to
my knowledge. This is due to the approach taken for loading the weight. Back packs have been
used in several scenarios which limit subject movement and restrict the curl-up event. The use of
weighted vests will allow the testing to be complete on all components of the PRT giving a more
accurate depiction for the test overall. This portion of the research will also contribute to the
body of knowledge and provide data for future testing of this load carriage method.
Data can also translate to prevalent combat fitness testing and occupational relevance
attainment as well. Women in combat is a hot and controversial topic in the headlines lately. The
data and findings gained from this research could be used as part of a basis for future combat
fitness testing and a PRT that is applicable to actual military duties. Integration of women into
combat roles continues to be researched and this research provides additional insight into that
body of knowledge as well.

8

CHAPTER TWO: LITERATURE REVIEW
A thorough review of literature pertaining to U.S. Military fitness testing shows there is
certainly room for improving the current methods used. The tests were designed in a different era
and have not evolved as needed. Military demographics have changed markedly over the past
several decades including a major increase in female service members which should have
catalyzed improvements to testing, but have not. Additionally, considerable bias towards heavier
mass members exists within the physical readiness tests of each branch which has been
quantified. Recommendations have been made to mitigate the bias and improve methods overall
via physically changing tests, implementing correction factors, and incorporating more
occupational relevance. Many of these suggestion still need validation through research of actual
subjects though. There is a major lack of data when it comes to military physical fitness and
women. No research was found pertaining to load carriage for elimination of mass bias for
women in PRT testing. The lack of knowledge is likely due to it being a past male dominated
organization with little need for this data and too few female research subjects. Current research
trends are moving towards examining women in military combat fitness, but it is specific to
women in infantry roles born from recent controversy. There is a need to further investigate any
bias within the PRTs of each branch and develop methods to eliminate bias through balancing
muscle strength, endurance, and occupational relevance. This holds especially true for research
pertaining to women service members where, once again, there is a large gap of knowledge for in
this type of testing. This research is relevant and will contribute to the human body of
knowledge. Additionally, it could give commanders of US Military members a simple option to
eliminate a major issue that effects over 200,000 women currently serving.

9

2.1 History of the Military Physical Readiness Test
It is important to understand the overall objective, requirements, creation, and evolution
of the Navy PRT. A review of the fitness testing history will increase the possibility of obtaining
a solution to the bias problem that is in alignment with the Navy’s goals. One path for solution
may be viable while others would likely not fit. For example, a solution to the issue which
involves expansive change, such as high tech expensive equipment, would not be a realistic
solution for the military. Through understanding why the current test was derived, we can
conclude some basic constraints of the test. Evaluating the objectives and changes throughout
history can show a path that the military is moving toward. Understanding the picture as a whole,
including gaps in existing study, will make this research more useful in contributing to the body
of knowledge and a solution for the mass bias in one.
Fighting forces must be mission ready and operationally effective in order to carry out
required duties. The foundation of a successful mission is directly contingent upon the overall
health, training, mental acuity, of those tasked. Fitness has been shown to play a very important
role in all of the aforementioned mission essential factors. Work has been done to highlight and
emphasize the importance of fitness to military and their need to have a way to accurately assess
it (Conway, T. L., & Naval Health Research Center, S. D. C. A. 1987). It can be seen that fitness
has a very real effect not only on overall operational readiness of the Armed Forces, but the
individual service person as well. Prior research has been conducted in this field which helps in
understanding what factors may play a role in members failing the physical fitness test and how
individuals deal with the stress of taking the current test. This work shows relations between
fitness, stress, mental health, and productivity. The authors used a cross sectional study involving
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all branches with the secondary data sources of a 2005 DOD health related behaviors survey.
16,146 military members of all branches were surveyed on their perceived stress levels.
Descriptive statistics and multivariate logistic regression analysis were used to determine if stress
played a statistical factor in passing or failing the PRT. It was found that individuals who were
experiencing personal stress are 18% less likely to pass the PRT than individuals who are not.
Those experiencing work related stress are 27% less likely to pass the PRT than their unstressed
counterparts (Johnson, V. V. T 2009). Fitness, stress, mental health, and productivity are related
as discussed earlier. The military has great interest in ensuring their members are at the most
optimal levels of these interrelated factors pertaining to wellness.
The United States Navy was one of the first and most benchmarked branches that entered
the realm of quantifiable modernized testing with the introduction of a fitness program. In 1976
the Chief of Naval Operations (CNO) issued instruction OPNAVINST 6110.1 which
concentrated on developing good cardio-respiratory fitness. The program was developed after a
popular aerobics program of the time designed by Dr. Ken Cooper. OPNAVINST 6110.1A was
released in 1980 and was the first time a mandatory quantifiable test was to be performed. This
instruction was released after a request of the Commander in Chief to assess the services current
fitness levels. A joint services study group determined there were major gaps in military physical
fitness programs including no way to assess overall fitness. Almost immediately, a quantifiable
physical fitness test was developed as sort of a kneejerk reaction to the study group’s findings.
The official instruction of the US Navy that sets the rules, regulations, and requirements of this
branches PRT. It is important to review this instruction fully and understand the actual goals and
regulations of the instruction. Not only the original instruction, but what has evolved or not
evolved from the instruction’s inception to the present day document (OPNAVINST 6110.1J
11

2011). The initial requirements were a mix of exercises including sit-ups, pushups, pull ups,
flexed arm hangs, and a timed run. There were a number of inherent problems with the initial
requirements including safety concerns and gender bias (Hodgdon, 1999). For instance, there
was no differentiation in minimum time for the run between male and females and sit ups were
required to be done in a position that was devastating to the lower back, neck, and shoulders. To
this day, it is unknown how and why the specific original testing standards and scores were
derived. It was also thought that the assembled exercise set was a good measure of cardiorespiratory, muscular endurance, and muscular strength of an individual. This work reviews
some of the early requirements of the PRT and the thought process on its development, goals,
and pitfalls.
It is important to examine and understand what negative factors are already known about
the testing. The PRT instruction was criticized for having ethnic and gender bias within body fat
measurement and minimum exercise standards respectively. Hodgdon’s work stated that the
instruction contradicted itself in saying, “Whatever new requirements that the military Services
establish, there must be an 8 to 10 percent difference between male and female standards.” This
was completely contradictory to the very next line in the instruction for determining female
standards. That line stated “Military Services shall not derive, extrapolate, or adjust female
standards using data from male subject or vice versa.” It also stated later in the instruction, “The
standards for one gender shall not be extrapolated from the other gender’s standard or be derived
from the data base of the other gender.” (Hodgdon, 1999). It can be seen that the development of
the PRT has not been without errors, criticism, and, bias. The reviewed literature illustrates some
of the first realizations of bias within the original, or early, instruction and consideration that it
was contradictory to itself, confusing, and in need of revision to bring some fairness to the
12

female gender’s requirements. Work has been done which discusses how the Navy stopped
focusing specifically on one exercise test (PRT) and started to look at service member’s health as
a whole (Kennedy-Armbruster, 2012). The total Physical Readiness Program was also combined
with a combination of other health conscious agendas to promote overall healthy living through
exercise and good nutrition. These programs still exist today and focus on overall health of
military members with physical fitness as one of the main components which has shown
effective results. This was an effective step by the Navy in realizing their PRT should not be a
standalone entity and needed changes.
The literature reviewed gives insight into the overall goals and original thought process
behind development of the Navy’s required fitness testing. Testing was developed as a knee jerk
reaction after a presidential inquiry about current military fitness levels could not be answered.
In haste, a program was put together that was thought to gauge fitness levels of its personnel
several decades ago. The research displays how vital overall fitness is to the military because of
operational readiness, as well as its importance to individual personnel. It specifies unintentional
contradictory test requirements and several forms of bias in early test procedures. The effects of
stress on testing, gender differences, ethnicity differences, age differences, and other factors
which have been problems in test development are highlighted. The review of literature on the
history of the PRT depicts many flaws in a test that was designed decades ago and changed little
with times. It has helped identify the need for changes in the current PRT that could come
through this research and explains the intended purpose of the PRT. This research was also used
to identify the significance of my proposed work.

13

2.2 Current US Military Demographics
The US Military has seen major changes in demographics throughout the past several
decades. Changes in the general population and make up of its forces should have been a catalyst
for evolution in the fitness testing requirements. A thorough understanding of trends within the
population demographics and current conditions are necessary to successfully develop testing
methods that are not biased towards certain individuals and remain fair for all members. There is
a major lack of data for women in military fitness testing which is evident in the literature. This
gap will need to be closed as more females join active duty yearly.
Table 2: Change in female population for Army & Navy 1960-2010 (US Census Bureau)

Research has been conducted that gives an insight into what percentage of the
U.S. population of civilians ages 17-20 met the standards required to pass physical fitness tests in
14

the military (Nolte, Franckowiak, Crespo, and Andersen (2002). This data can be observed to get
a baseline of the overall fit of PFT standards to the U.S. population from which it draws. Since
the PRT standards where originally developed based on a majority percentage of the population
averages, at least body fat, we can conclude that most of the population should be eligible for
duty within the given study age group. This is not what has been concluded in the research. The
authors used a secondary data source of the most recently completed National Health and
Nutritional Examination Survey to match against the height and weight charts of the military
services. They used the national data to calculate the amount of men and women in several
subgroups to find what percentage would meet PRT standards. It was found that 13-18% of men
and 17- 43% of women did not meet standards. The authors concluded a large part of the U.S.
population from which the military recruits is not able to meet standards. They also concluded
there is a major discrepancy between the standards of men and women that should be assessed
and corrected. The research suggests there was a shift in population body fat over the decades.
This research shows additional flaws within the design of the fitness test, particularly within the
body mass index requirements.
Body fat percentage has been controversial in the fitness standards of the military and
there is a wealth of research on it. A high body fat content has been linked to overall sickness
which in turn lowers unit productivity and effectiveness (Kyröläinen et al., 2008). A study was
conducted on 7,179 Finish male military personnel with an average Body Mass Index (BMI) of
26% and a range of 18-59%. The goal was to include a wide range of body types and compare
the association of sick days with their BMI. The results showed that personnel with higher BMI
had the most sickness absences (>7 days) with (P < .001) (Kyröläinen, H., Häkkinen, K.,
Kautiainen, H., Santtila, M., Pihlainen, K., & Häkkinen, A. 2008). The study indicates the
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importance of assessing body mass index for the military. Not just to US Military, but others as
well. It is important to design tests that correctly measure without gender or ethnic bias.
Higher BMI is also associated with lower physical fitness scores as shown in research
conducted on the Navy. 2002 PRT cycle was used to analyze the association of BMI and PRT
score results. A wide cross sectional sample of 22,314 women and 131,287 men was used to
determine higher BMI scores did indeed reflect a lower PRT outcome. The study also exhibited
higher BMI is correlated with increased self-reported risk factors such as elevated cholesterol
and joint problems. BMI trends per gender and age were tracked to show an increase with age for
men beginning at age 18 years, the constant value was 25.6, with an increase of 0, 0.765 per year
(t = 62. p = 0.000), For women beginning at age 18 years, the constant was 24.5 with an increase
of 0.0.159 per year (t = 5.48, p - 0.000) (Bohnker, Sack, Wedierhold, & Malakooti, 2005). The
study indicates lower scores and higher risk factors with increasing BMI. This information has
been taken into consideration for my test design as a safety concern. The work also indicates the
negative effects of gaining weight to try and improve scores through correction factors and
allometric scaling which has been a complaint of those against certain types of bias mitigation
options.
Flanagan examined the relationship between BMI and waste circumference in Canadian
military forces with similar conclusions to related studies (Flanagan, 2008). The author’s
hypothesis was that increasing BMI and waste circumference related to lower performance in
Canadian physical fitness testing. Analysis for 127 males with a BMI=27.7 kg/m2 (±3.4) and
mean waste circumference of 96.99 cm (±9.8 cm)) indicated increasing BMI and waste
circumference correlated (P< 0.05) with lower results for tests including, Low High Crawl,
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Sandbag Carry, Land Evacuation V02max, Push-Ups and Sit-Ups. Flanagan’s study also noted a
growing trend in BMI. This research shows that BMI is not just a factor for the selected tests of
the US military (run, push-up, and curl-up) but for other combat fitness based exercises. These
findings suggest my research data could be translated to other tests, and that body mass index
does play a role on Comb at Fitness Testing as well. A disturbing increase in a trend that has
such negative implications on the overall wellbeing of the members of the military and its
mission has been brought to the attention of the heads of the Department of Defense (DOD). In a
study of overweight and obesity in active duty U.S. Military members it was shown that obesity
grew from 25,776 members in 1998 sharply to 86,186 members in 2010 (Armed Forces Health
Surveillance, 2011). The trend continues today and will certainly hinder the PRT evaluations of
those who fall in the high BMI obese category. These continued changes in body type trends
will exacerbate the mass bias effects on test scoring.
The rise in the branches’ female population has grown markedly over the past 5 decades.
For example, in 1960 there was a total of 31,700 females serving in all the branches combined. A
DOD Census completed in 2010 showed a total of 205,500 women serving active duty. When
speaking in terms of total personnel, during 1960 only 1.3% of active duty personnel where
women. In contrast of today’s forces, females comprise 14.3% of the total population (U.S.
Census Bureau, 2012). An incremental increase of the females over the past decades has
intensified the spotlight on gender fairness within the ranks. The information from the 2012
census gives a good overview of changes o demographics of the military and the need for
evolution on testing. It supports the relevance if this research in that there is very little data
available for all these women serving. The trend of women joining continues and the gap of
knowledge is growing.
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A woman’s body has definite physiological differences than a man’s. Studies have shown
that women have a substantially greater chance of getting an injury during sports or training
(Bell, Mangione, Hemenway, Amoroso, & Jones, 2000). Eight hundred and sixty one subjects
were observed during basic military recruit training for eight weeks. Key variables such as
demographic characteristics, body composition, and physical fitness were measured prior to
training. Injuries to female recruits were more than double during the training period relative risk
[RR] = 2.1, 1.78 –2.5) and experienced serious time-loss injuries were close to 2.5 times more
often than men ([RR] = 2.4, 1.92–3.05). The physical fitness levels of women entering training
were lower than that of their male counterparts, but the women’s relative fitness levels increased
more than that of the men’s increase over the eight weeks. Women are more prone to injury
during training and other factors must be taken into consideration as well. This research indicates
the difference between genders and gives some insight on fitness levels after extended training
periods. The importance to acclimate test candidates to loaded carriage testing is critical. The
research was used as a safety factor in experimental design because we know injury rates are up
to 2 times higher than men.
Additional circumstances also need to be considered when viewing military fitness and
gender. Pregnancy can be a concern when an individual holds a mission critical position that
cannot be easily occupied by another due to training and skills. Time out for pregnancy can be
significant and women are usually allotted 6 months after birth to return back to physical fitness
testing. Recent research has shown this time may be insufficient (Weina, 2006). Fifty –four
women took part in a test to measure their fitness scores prior to and after pregnancy. Two post
pregnancy standard fitness tests were given at 6 months and 1 year after child birth. All women
for this part of the research has passed the PRT cycle prior to pregnancy. The mean decrease in
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test scores were 40 points for the six month test with (p=0.000). The second test administered
showed an improvement in mean results with just an 18 point decrease in scores prior to
pregnancy (p = 0.000). Recommendations from the research were to increase the time women are
waived the fitness test and full physical duty. This is relevant to my research in that individuals
selected who were pregnant and gave birth in the past year may have an effect on raw scoring.
This type of information helps guide questionnaires needed for getting test demographic correct.
Questions of female physical abilities have come into the spotlight even more in recent
times. Traditional non-combat support type positions are where females are usually occupied. It
is thought that physical fitness is less of a critical factor in most of these positions. In fact
(Burland & Lundquist, 2013) argue that there is a duality within military forces between combat
and support type positions that has been quantifiably proven. Silos such as these can make
gender bias for combat and other physically tolling positions even greater to overcome for
females. It is important to eliminate any gender bias in physical fitness testing that could add to
the delay of breaking this barrier. A study that was completed on body fat standards of 1,038
male and 374 female members at 3 separate Army posts originally showed 11% of men and 17%
of women overweigh/over fat by standards. New body fat equations, thought to be a more valid
estimator, were then used to recalculate the original data. The change included an extra
abdominal circumference measurement which significantly changed the results. The amount of
women who were estimated to be above limits dropped to 12% which is in line with the males
tested. The newer measurement technique has been recommended by the author going forward.
This research supports the importance of eliminating bias that exists in testing so that silos within
the military can be eliminated resulting in a more effective, optimized, and coherent military.
Additionally, it shows the importance of selecting the correct assessment methods to eliminate
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bias. A 12% drop in failure rate is certainly significant and testing data can help equalize male vs
female BMI limits.
The literature reviewed pertaining to current US Military demographics and trends
identify several changes that cannot be ignored when evaluating the population for test design.
Changes occurred over the past several decades in population body mass indexes, gender, and
ethnicity which are major factors acknowledged in the research. Shifts in BMI were especially
evident when standards where changed in 1994 to one max %. Ethnicity bias in BMI
measurement played a controversial role during this time period and measurement techniques
were reevaluated. Changes like these are required to bring fairness for all members.

Figure 3: Enlisted BMI Separations 1990-1998 (Hodgdon, 1999)
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Unfairness is still shown to exist in fitness testing for women ranging from physiological
safety concerns for CFT, BMI measurements, and pregnancy policies, which have been found
within the literature. Census numbers clearly paint the picture of change in the population and
past research agrees there is much room for improvement in some of the policies towards the
current population.
Table 3: Active Duty Military Personnel Gender per Branch (DMDC 2011)

The literature also recognizes the importance of fairness to female members in order to
break down existing silos as barriers to equality. This past work is used to identify the need for
my research because of the changing demographic. It is also used in part for test design in
methodology. It is important to match the test subjects to the current demographics of the Navy
female force so that the wrong data is not gathered. It also brings up safety concerns and other
conditions (such as time after pregnancy) specific to female testing that have major
consequences on test design in methodology.
Table 4: Confidence Interval (percentage) of injury among female and male Army basic training
recruits (Bell, Mangione, Hemenway, Amoroso, & Jones, 2000)
Injury Type
One or more injuries
Time-loss injury

Men
27%
17%

Women
57%
41%
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Relative Risk
2.1
2.4

95% CI
(1.78-2.50)
(1.92-3.05)

2.3 Penalties in PRT towards Body Mass, Little Occupational Relevance in Testing
A review of literature pertaining to the design of fitness testing has revealed how body
mass bias has become a major concern. Additionally, there are problems inherent in the exercises
chosen by the military because they do not accurately represent general tasks performed by
military personnel; they are not occupationally relevant. It may be difficult to balance a test
between occupational relevance and overall fitness, but some literature shows it may be
attainable through selecting a variation of predictive tests which must be prescreened.
Vanderburgh and Crowder state, “In exercise science, allometry can be used to
understand how certain outcome variables of physical performance are related to one-, two-, or
three-dimensional factors such as height, cross-sectional area, or mass, respectively.” Allometric
scaling laws are used to show the proportionality in these dimensional factors. In the 1RM test,
1RM is directly proportional with muscle cross sectional area which in turn is proportional to 〖
mass〗^ (2/3). As a person’s mass increases, their strength increases as well, but not as you
might think. An exact replica of a person that is 20% larger cannot lift 20% more weight, but
only 13% more weight. In order to eliminate the bias in a 1RM test you can simply make the
exponent negative yielding the equation [1RM x mass] ^ (-2/3) (Vanderburgh & Crowder, 2006).
Equations similar to the one used for eliminating bias in the 1RM test can also be derived from
allometric scaling laws and used on repetition based endurance exercises as well. The allometric
scaling equation used to correct bias in sit ups and pushups is 〖repetitions x mass〗^ (1/3). We
can see that the exponent in this case is positive because repetition endurance based exercises are
negatively correlated with mass. The theoretical equation used for 〖VO〗_2max on the timed
run is〖 time x mass〗^ (-1/3). Note that even though the exponent is negative in this
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correction factor, mass is still negatively correlated because a smaller time is better. The authors
used these equations and applied them to four theoretical individuals taking the PRT. Two males
of differing mass 60 kg and 90 kg and two females of 45kg and 75kg. The results show that bias
towards body mass can range from 14.7% to 20% dependent on mass and the scoring system of
the service. The authors used allometric scaling equations to determine body mass bias and this
is important in determining possible limits of bias. My testing differs in using these equations as
a comparison only to actual fitness testing results. Whereas the authors of this research did not
actually perform PRT and theoretically calculated results from existing well established
equations. These equations remain a relevant way to check testing results against what is
expected in mass bias, but the data cannot be translated directly to female participants.
The PRT component exercises have also been criticized for not truly representing the
typical work that soldiers, sailors, and airmen complete during their typical day. That is, the
endurance based exercises are not occupationally relevant to normal military tasks that generally
require lifting, load carriage, and material handling. Moreover, although heavier mass
individuals are better suited to these tasks and tend to perform better in terms of this work related
fitness, they have a career advancement disadvantage compared to their lighter coworkers.
(Vanderburgh, 2008). In Vanderburgh’s research he elaborates on the biological scaling laws of
allometry and how these are once again applicable in occupational relevance of the PRT. The
muscular and aerobic testing of the military fitness test are performed using body weight as the
only resistance. Part of the attractiveness of using body weight only as resistance is because there
is no equipment required to perform the tests. Although this is a great from a logistical
perspective, the military is not going a true view of its service member’s ability to perform work
related tasks. Persons performing military work very often must move themselves and the added
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weight of a load. There is a very poor correlation of PRT exercises based mostly in repetitive
endurance to tasks that require more absolute strength and power. Load carriage is a very
common task in the military, especially for those stationed onboard Navy ships. This work shows
how the current PRT exercises do not represent the bulk of military duties on a daily basis. There
is very little occupational relevance. Vanderburgh argues using body weight only for PRT does
not assess a true performance of actual work related tasks. This is relevant to my research in that
adding load carriage can increase the occupational relevance of the testing. This will make the
exercises more like a material handling situation, where added weight is moved.
Twelve male individuals were assessed during a volunteer testing exercise for steady
state Oxygen uptake (〖VO〗_2) on a treadmill (Bilzon, Allsopp, & Tipton, 2001). The
participants were measured both with and without an 18kg loaded backpack. On a following test,
at least seven days later, the same participants were asked to run to exhaustion with the 18kg
pack. The results showed that there was a strong relationship between (〖VO〗_2), body mass,
and lean body mass. Statistical analysis showed a (r = -.087, P <0.01) for body mass and (r = .074, P < 0.01) for lean body mass. There was also a moderate to strong relationship between
body mass and exercise tolerance time when carrying the extra load weight (r = .069, P<.05).
There was very little correlated relationship between loaded weight tolerance time and (〖VO〗
_2) (r =0.12). Additionally, load bearing tolerance increased with heavier body mass. The
authors concluded that aerobic exercises that measure aerobic units relative to body mass, such
as timed runs used in PRT events, are unsuitable for measuring ability in tasks that require load
carrying. They also concluded that these types of tests, timed distance runs, are bias to heavier
personnel. This research adds upon the evidence that a bias exists within the PRT testing. The
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authors used load carriage on treadmills and compared to unloaded treadmill tests to determine
distance run exercises were not good indicators for load carrying and bias to heavier mass
individuals. This testing differs in that only males were tested and concentration was on
identifying bias rather than eliminating it. Work was also only completed on treadmills and for
one evolution (distance run only). The research could be extended to all PRT components.
In a separate study, 94 women (age = 27.4 +/- 6.7 years, with a body mass of BM = 60.3
+/- 8.4 kg) were asked to perform〖 VO〗_2max testing on a motorized treadmill through
indirect calorimetry (Vanderburgh, P. M., & Katch, F. I. 1996). Lean body mass (LBM) was
found for each test subject through hydrostatic weighting. The authors utilized alometric scaling
for〖 VO〗_2max basing their initial expectations on prior “theory of similarity” research where
the body mass exponent is proposed to be 2/3 or 0.67. Their alometric scaling equations yielded
a different exponent of .61 +/- .27 (95% CI) for total body mass, but when LBM was used the
exponent changed to 1.04 +/- .26 (95% CI). The research validated the bias towards heavier
individuals using body mass for the expression mL*〖BM〗^ (-1)*〖min〗^ (-1). The more
accurate equation was found to be mL*〖BM〗^ (-0.7)*〖min〗^ (-1) thereby eliminating the
bias. The work also found that the ideal expression for women using lean body mass to be mL*
〖BM〗^ (-1.04)*〖min〗^ (-1). The expression is very close to the currently used standard
and indicates body mass bias only exists in a population with heavier mass due to body fat and
not LBM. The U.S. Military could benefit from such bias neutralizing expressions, but it is
important to have an accurate way to measure body mass indexes to properly incorporate them
into the physical readiness programs. This work is some of the very limited data available on
women pertaining to a portion of military fitness testing. It generates additional evidence of body
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mass bias in heavier mass individuals and suggests different exponents to scaling equations for
using lean body mass versus LBM. This work differs from my research because it deals again
with equation based elimination of bias. It also only concentrates on distance run and fails to
account for the bias found within the other exercises in the PRT. Regardless, it is one of the only
research papers available pertaining to women and military fitness. No load carriage was used in
determining the mass bias in women.
Studies pertaining to measuring occupational relevance testing have also been conducted
on organizations that are paramilitary in nature (Sell, K. M. 2006). A team of 81 firefighters from
the same fire department participated in a study to determine what physical fitness exercises
were the most occupationally relevant and best predictors for passing a simulated firefighting
task scenario test. Body mass was obtained through 3-site skinfold measures and tests were
completed in the 1.5-mile-run, 1 RM press, vertical jump, grip strength, sit-ups, push-ups, and
sit-and-reach test. The fire fighters also completed a simulated firefighting task scenario test for
occupational relevance. The fitness test scores were analyzed along with the occupationally
relevant test. It was found through multiple regression techniques that 50.03% of the variance in
the occupationally relevant test could be explained by the physical fitness variables (p < 0.05).
Although there is still a lot of variation to explain, it was found that flexibility, grip strength, and
percent body fat held heavy weight within the testing. Work such as this can help identify which
standard physical fitness exercises could be the best predictors of military occupation relevance
and still be able to measure overall fitness levels. This research suggest that occupationally
relevant tests can show a wide variance in overall fitness correlation. It is imperative that any
tests suggested are well vetted and compared prior to implementing. There was a combination of
testing that did yield good predictive results for fitness. Research like this can help identify if
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other OR exercises within the military would be a good predictor of fitness as well. This work
differs from my testing because it was performed on males, nonmilitary organization and testing,
and concentrated on finding correlated vents rather than mass bias elimination.
It can be seen through the literature reviewed that there are several methods to calculate
the bias that exists including theoretically by allometric scaling equations (up to 20% bias).
Several past tests all conclude bias exists although different methods were used to calculate it.
This is significant work incorporated into the methodology of my research validating the bias for
the initial unloaded PRT. This literature also provides more support of the need for research in
this area to make the test fair. The lack of fitness data in reviewed literature on women once
again represents the gap of knowledge and the need to close it. Work reviewed pertaining to
occupational relevance exposes the inappropriate form of current testing and helps guide the
theoretical framework for loaded carriage studies by showing lessons learned.
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Figure 4: Calculation of Theoretical Mass Bias (Vanderburgh, P. M., & Crowder, T. A., 2006)

2.4 Suggestions to Correct/Mitigate Bias in Testing and Increasing Occupational Relevance
Literature was reviewed on research suggesting options to remove mass bias and add
occupational relevance. These methods differ greatly in approach and range from changing the
actual test methods to implementing correction factors to scoring. Some research also suggests
changing traditional ways to calculate fitness (such as Vo2max calculations) which require
updating measurements through statistical means relative to individual mass via regression.
The Rockport Walk test has been validated as an accurate predictor of [VO] 2max in an
Air Force population (Weiglein, Herrick, Kirk, & Kirk, 2011). The Air Force started allowing
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the 1 mile walk in place of the 1.5 mile timed run in 2010 for personnel who are medically
unable to participate. The Rockport Walk test had not been assessed for use in an Air Force
population prior to the work of the researchers. 24 active duty volunteer participants were taken
from Scott Air Force base in Illinois. 8 officer and 16 enlisted servicemen were used to get a
ratio representation of the Air Force. The men were asked to perform the 1 mile Rockport walk
test, 1.5 mile timed run, and a [VO] 2max expired gas test. The run and walk were completed on
an indoor track and the [VO] 2max test was completed indoor on a motorize treadmill. Statistical
analysis of the results were done including a paired samples t-test, regression analysis, and
Person product moment correlation. The results of the analysis found there were no significant
differences between measured and predicted [VO] 2maxusing the 1-mile walk equation (p =
0.177) There was also a strong correlation between predicted and measured [VO] 2max Max
where Pearson's product moment correlations were high (r = 0.817). The 1.5-mile run time and
measured VO2 Max also produced a high negative correlation (r = -0.890). Perhaps most
importantly, there were no significant differences between points scored on the 1-mile walk and
1.5-mile run using the Air Force scoring tables. A high correlation between the tests were also
found (p = 0.573, r - 0.827. The authors also compared the results of their testing to national
averages of American College of Sports Medicine (ACSM) data. The comparison showed the
1.5-mile run and 1-mile walk against ACSM percentile rankings had a high correlation (r 0.975). The research suggests that the 1 mile walk test is a valid indicator of predicted [VO]
2max in an Air Force population. Tests such as the Rockport walk test can be a useful tool in
deciphering service members aerobic fitness levels since they predict [VO] 2max as a
quantifiable value. This work was completed as an attempt to identify another method for
assessing aerobic fitness of Air Force personnel. The Rockport Walk test was shown to be a
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valid indicator of VO2max and this was more accurate than current methods because it gives a
quantifiable value. The test was completed on tracks and treadmill for VO2 testing. Good
indicator that there are other reliable methods to accurately assess service members. This work
once again differs from my research in that it only examines the distance run and not the pushups
or curl ups. It does not address bias elimination, but rather offers a more accurate measure of
cardio-fitness. It was also only conducted on male members and continues the trend of a gap in
knowledge for data on women.
There are also researched methods to more accurately record [VO] 2max readings
(Savonen et al., 2012). The current method for aerobic fitness estimation, [VO] 2max, is done by
dividing maximum oxygen consumption by body weight (per wait standard). Savonen et al.,
submit that a more statistically accurate technique can be used. The authors used data available
through the Dose-Responses to Exercise Training Study (DR’s EXTRA) which was a
randomized controlled four year trial on the effects of regular physical exercise and diet. The
study included data for 635 men and 638 women including body mass and direct measure of
[VO] 2max. The research shows a more statically correct method can be used to counterbalance
the effect of weight on maximal testing. [VO] 2max can be adjusted for body weight through
regression or (adjusted standard). The research demonstrates an increase of [VO] 2max during
the study was found to be biased. Heavier individuals showed lower results (negative mean
residuals) due to the statistical techniques used, while lighter individuals where shown to have an
overestimated intake level (positive mean residuals). The weight standard showed a [mL min] ^
(-1) increase during the study for women of 20.9 [mL min] ^ (-1) min and men at 26.4[mL min]
^ (-1). The actual increase per kg was shown to be only 7.0[mL min] ^ (-1) (95% confidence
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interval: 5.3--8.8) for women and 8.0 [mL min] ^ (-1) (95% confidence interval: 5.3--10.7) for
men. Methods like these could be a more accurate way to truly determine [VO] 2max within a
given population. It should be noted that this research was conducted on a specific age group of
57-78 years which is nowhere representative of a military forces demographic. Savonen et al,
have also determined a more accurate way to estimate cardio-fitness. Their approach was
different in that they used data from existing medical studies and change the actual equations for
calculating through adjusted standards in utilizing regression. This work could be used to
eliminate some of the mass bias seen in the distance run. This testing differs from my research
because of several reasons. It was a distance run only, equation based mitigation, and the wrong
age group and demographic (57-58 years). Additionally, existing data from nonmilitary fitness
testing was also used. The methods used could be applied to a different age group and may be a
better means to isolate mass bias within these group ranges.
The curl-up, which is used in all branch PRTs, has also been examined through research.
It has been shown that anchored curl-up used in the PRT can put as much as 452 lbs. of
compression on the spine which exceeds National Institute for Occupational Safety and Health
occupational standards (Peterson, 2013). Although it has not been proven, there is suspicion that
the curl-up is responsible for part of the Navy’s increase in lower back injuries. The curl-up is
not an occupationally relevant exercise either. Although it has not been proven, there is suspicion
that the curl-up is responsible for part of the Navy’s increase in lower back injuries. The curl-up
is not an occupationally relevant exercise either. A majority of military workday tasks include
lifting, carrying, and pulling of loads. Variations of the plank exercise have been researched by
the Navy and sources independent of the military. 1078 Canadian fire fighters and 181 college
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students participated in a plank study over a period of 3 years. The Navy used this research data
and also conducted a study in 2011 to obtain data on the plank as a suitable replacement for curlups. Although the data was not released, the Navy went as far as developing testing standards
through analysis of past research and their own. They established test scoring with the data and
also determined it could be a viable test replacement. To this date, the plank has not been
implemented in any military branch. This research brings to light the possible negative effects of
curl-ups. This emphasizes the importance my research must put on safety while conducting the
test. The research recommends replacing a component of the test (curl-ups) to increase
occupational relevance. This is accomplished by utilizing the plank maneuver in place of the
traditional curl-up. A large study was done confirming the viability of the plank as a
replacement. The Navy was said to examine the plank, but never implemented its use. This
research differs from my work because it is isolating one part of the test and changing it. It does
not necessarily increase occupational relevance and has not been studied for mass bias.
In prior research conducted 56 Reserve Officer Training Corps (ROTC) cadets
participated in 2 separate tests involving load carriage (Vanderburgh, P. M., Mickley, N. S., &
Anloague, P. A. 2011). Mathematical modeling from prior test data indicated a 30 lb. load would
effectively eliminate bias. The purpose of the research was test the model with actual subjects.
The first test was the 2 mile distance run (Army) loaded and unloaded with the 30 lb. back pack.
The second test was pushups loaded and unloaded with the same load. I was determined there
was significant mass bias within the current unloaded standard in both timed run and push-ups.
This is not surprising given the evidence that already exists determining there is mass bias in
these tests. There was correlation between mass and scores at -0.38 (p = 0.0039) for the pushups
and 0.42 (p < 0.0013) for the timed distance run. The loaded run displayed different results with
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personnel obtaining scores at a reduction of 32.2% for the push-ups and 18.8% for the run. There
was correlation between mass and scores at -0.06 (p = 0.661) for the pushups and 0.06 (p
=0.661) for the timed distance run. The loaded run and pushups test seems to eliminate the bias
shown with no load. Implementing a loaded run and pushups may require more equipment for
personnel performing the PRT, but it has been shown to eliminate bias and improve occupational
relevance of testing since most duties include moving more than just body weight. This testing is
the most relevant to my research because it involves load carriage to mitigate mass bias in actual
military fitness testing. The results concluded that load carriage successfully eliminated mass
bias, but testing was only conducted for men. Additionally, the use of back packs for the load
would not allow for performing testing on the curl-up portion of the PRT. Back packs require
more training and familiarity for maneuvering during exercises. My research differs in that I will
be using weighted vests that can be used during the curl-up portion of the PRT to gather data.
This may successfully allow bias mitigation through the full range of testing required by the
military. I am also concentrating study on women due to the lack of data that proves this method
could be viable for both genders. If proved a viable method of bias elimination, the test would be
proven out for both genders and all portions of the PRT. Essentially, it could be implemented for
full use.
A study conducted by Clark introduces the fact that female recruits performing basic
training are 4-6 times more likely to suffer from this injury (Clark, H. D. 2013). 12 people, 7
male and 4 female, from ages 18-29 were asked to perform a loaded march on a treadmill for 80
minutes with 20kg packs. The participant’s stride length, frequencies, steps, and gates were all
observed. The study concluded the increase in stress fractures for females could be attributed to
gender differences in gait mechanics. In particular, deficits in hip abductor strength result in
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inadequate absorption of impact force. The fact that women’s strides are generally shorter than a
males exacerbates the problem in increasing the impact frequency during any raise in cadence of
a march. Care must be taken to incorporate events into the PRT which are safe and eliminate bias
both. Load carriage along with the other suggestions found through past research may be the
answer, but should be thoroughly vetted. Exercises that may be suitable replacements or
additions to the PRT must be evaluated thoroughly for safety concerns. For example, the 1RM
bench test discussed prior, is an excellent indicator of muscle strength, but is prone to cause
injury. Load carriage has been shown to cause stress fractures within the military ranks. This
work is relevant to the safety of the study and should will need to be investigated further to
determine loaded carriage would not cause increased injury during PRT evaluations. Female
gates are generally shorter than males increasing the amount of impact over the same length of
distance traveled. This could contribute further to the possibility of stress factors. The PRT is not
the same as the researched because the PRT does not require 80 min of loaded time to complete.
A good indicator of muscle strength is the 1RM bench test (1 repetition max weight), but
this test can be dangerous as history has shown. An ideal solution has been found to eliminate the
risk through predicting the 1RM bench through another less dangerous exercise (Moschella,
2013). The military PRT could obtain an accurate measure of absolute strength (upper body) to
counterbalance the endurance based exercise bias while limiting risk of injury. 50 women were
selected for the study who consistently trained at least 2-3 days per week for 3 months. Data was
collected for various body measurements, body mass, and lifting abilities then analyzed
statistically. The author used stepwise multiple regression analysis to formulate three equations
useful to predicting 1RM bench with a 4RM triceps lying extension and two other variables to
increase prediction accuracy if needed (p <.001). There were three separate prediction equations
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formulated each increasing in R^2 to explain variance. The first equation which included only
triceps extension yielded an R^2 value of .62. The second prediction equation included triceps
extension and chest circumference and yielded an R^2 value of .74. The greatest explanation of
variance was seen with the third equation which included triceps extension, chest circumference,
and % body fat with an R^2 value of .88. The PRT also includes component tests that are used to
measure muscle strength and endurance (pushups, sit ups). It has been established that these
types of exercises measure muscle endurance more than muscle strength partly because of its
repetition based requirement during performance. There has been studies done which include the
types of exercises that are more an accurate measurement for muscle strength and endurance.
The goal is to neutralize the bias that exists toward heavier individuals for endurance based
exercises. Adding exercises that measure absolute strength can be difficult because of the
equipment usually required. This testing gives options to testing that could replace some of the
existing PRT exercises. Additionally, the exercises do not require a lot of equipment and are
safer than bench press. This is a great example of how exchanging some components of the PRT
could bring more occupational relevance balance through testing strength versus endurance. This
test differs from my research because it is nonmilitary related testing. It would substitute actual
parts of the PRT and does not include the distance run.
Another means of mitigating the bias within the PRT is to simply correct the scores after
members complete their required current PRT exercises. Data from past studies involving
exercises used by the military has been analyzed and used to develop scoring correction factors
(Paul V., 2007). Lower mass limits were selected of 125 and 150 lbs. for several reasons, but
most importantly these masses hold to be the most optimal for performing PER tests and
consistently correlate to higher scores relative to their sub groups. Mass increasing above these
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limits would be score corrected using factors formulated by the author deviated from past
researched alometric scaling equations. Upper limits are decided through body mass per gender
and age group; maximum limits are set so that high body fat individuals are not rewarded. The
serviceman or women’s obtained score would be multiplied by a factor to eliminate mass bias.
There is an advantage of simplicity in this technique above ratio scaling which can involve
confusing units and or equations. The existing PRT soring tables would not require a change and
body mass bias could be eliminated. This research examines the use of scoring correction factors
to eliminate the exiting mass bias with the PRT. The author states that an inherent problem with
using correction factors is that they are mathematically equivalent to scaled scores, but they have
don’t generally have the advantage of preserving the original units of the raw score. They still
require tables and are not intuitively attractive to non-exercise scientists. This author’s research
seeks to correct that issue and make scaled scores more easily interpretable. Opponents to the use
of mathematical corrective factors say they rely on theoretical data to eliminate the counter effect
and that they reward higher BMI individuals rather than actual performance of exercises. One
could try and gain weight to obtain better scores. This work differs from my intended research
because it once again utilizes equation based mitigation rather than actual tests. It is difficult to
gain confidence from commanders conducting the PRT because of the theoretical vs quantifiable
basis of final score results.
This group of research from the literature review shows the capability of different
methods to eliminate mass bias from testing and improve occupational relevance in some
scenarios. All the authors take different routes in reaching the goal of fairness in testing and there
is some disagreement in methods used. Disagreement exist in methods incorporating allometric
scaling equations alone because it is thought it provides incentives to individuals to gain mass for
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better scores. There are those who do not agree with correction factors because the theoretical
basis is difficult to comprehend for non-exercise scientist. Changes to the actual tests have been
recommended, but they often only fixate on one component of the PRT leaving bias in the
remaining events. Some of these tests have been approved for official use such as the Rockport
Walk Test as an indicator of cardio-fitness, but only to be used in scenarios where the member is
injured. Literature shows many methods exist, but they do not agree on procedures to get the job
done. These studies are relevant and contributes to my research in several ways. They are used in
the methodology to build upon proposed testing procedure. It identifies the possibility to mitigate
mass bias for the PRT in males adding to the validation of the methodology. Furthermore, the
review of this literature also addresses some safety concerns in my methodology concerning
female load carriage over long distances and times.
Table 5: Equations generated to predict strength through triceps extension (Moschella, K. N.
2013)
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Figure 5: Relationship between exercise tolerance time and body mass/lean body mass Bilzon, J.
L. J., Allsopp, A. J., & Tipton, M. J. (2001)

2.5 Bias and Controversy in Specific Occupational Specialty Fitness Testing (Combat Testing)
Literature has been reviewed which shows the need for occupational relevance in testing
for more specific combat testing as well. Bias exists in several forms within the traditionally
male based US Military organization. Mass bias is evident in the PRT testing and some literature
suggests the combat fitness testing has bias towards the female gender as well. Several works
exist that determine detail to attention must be observed when trying to create tests to assess job
performance. A test can be designed which measures some occupational aspects, but is a poor
indicator of overall fitness. A balance must be reached between the two. A controversial topic
which is making headlines is equality for women within the ranks. Orders have been issued to
begin integration of women into combat support roles and this is breaking barriers within the
military. Unfortunately, some literature shows gender bias towards women specific to fitness and
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performance in these positions. A gap of knowledge remains for analyzing tests that are meant to
determine combat fitness and maneuvers expected of individuals in fighting roles.
Demographics report show a significant increase in female service members over the past
several decades. The introduction of females into a male dominated organization has been
deemed as successful, but was not an easy task. Sexual harassment and fraternization have been
of concern as well as gender bias (Gooch, 2001). Gooch’s research was a thorough literature
review of life in the Navy for both men and women following a large push for integration of
genders. Although integration has been called a success it is necessary to eliminate gender bias to
fully unlock the potential of our military. Research indicates gender bias within the traditionally
male dominated organization. Any bias can be detrimental to the integration of women in to roles
they are capable of performing r outperforming men in. This will help optimize the military. This
is relevant to my research in understanding the dilemma and inhibition behind letting women in
combat based front line specialties. Bias not just based on quantifiable physical performance, but
ignorance as well. In a study conducted at the U.S. Air Force academy, 41 cadets were surveyed
to help understand attitudes on gender and training. 78% of the respondents were male and 22%
female. A covert eight item instrument known as the (Modern Sexism Scale) was built into the
questionnaires to find bias. 69% of men who participated in the test responded negatively
through the MSS towards their thoughts on women and fitness (Do, Samuels, Adkins, Clinard, &
Koveleskie, 2013). It should be noted that this test was only done at the Air Force academy and
does not fully represent all U.S. Military branches. This research more evidence of a negative
attitude of servicemen towards their female counterparts relative to physical performance. Test
conducted covertly. Relative to my research once again in understanding the barriers that have
and continue to exist for women moving towards combat roles. My research could help break
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some of these inhibitions by gathering data on female performance. The data from my research
could potentially be translated because it relative to overall fitness and occupational relevance.
Load carriage of some nature is often a major component of combat fitness testing.
A controversial topic relating to gender bias has been the role of women in combat. Until
recently, women have not been allowed in combat roles in the U.S. Military. A review of
literature has shown that many other countries do allow women in combat roles, but women still
make up a small percentage (Barry, 2013). Israelis women are required to serve in the military
along with men have been offered combat roles, but they include only 3% of combat soldiers. In
France, women make up 19% of the army, but only 1.7% of infantry where they are allowed to
join. Canada’s women in combat forces are only 3.8%, New Zealand has 2%, and Norway below
1%. It is thought these numbers remain so low because of the rigorous physical tests required.
Not all combat roles have opened up to women in the U.S., but with women integrating into
these roles comes the question of combat fitness testing. Barry’s research shows the amount of
women in combat type positions of other countries. Although these positions are open in these
countries a small percentage of women make up the actual occupational percentage. Research
suggest this may be due to the fitness levels/testing required to qualify. This is an indicator that
that even if women are allowed in US, the percentage may be very low. Raises the question,
should physical training be as rigorous as it is? Relevant to my research in considering using the
data as a source for future combat fitness studies. Will quantify how a military demographic
group of women perform under load carriage testing.
A recent topic in research and news is the ability of women to perform certain exercises
as compared to their male counterparts. One exercise in question is the pull up which was
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brought to the forefront in the revised and then reversed fitness testing policy for female
Marines. The reversal was due to a significant failure rate during recruit training for females at
boot camp. There is contradicting research that shows women perform better than men in pull
ups with training (Johnson et al 2009). In this study 58 college students 35 men and 23 women
participated in a study to investigate various performance differences between men and women,
who are familiar with strength training, on both lateral pulls and pull ups. For the pull up
repetitions portion of the test, women out performed men with a ratio of M/W = .77. Men
performed 8.1(+/- 1.9) pull ups on average while women performed 10.5 (+/- 2.2) on average.
Marine Core instituted a pull up requirement in fitness testing and then removed it due to the
overwhelming rate of female failures. It was incorrectly concluded that females did not have the
strength to perform pull ups. This paper indicates that was an incorrect assumption where women
who regularly trained doing pull ups outperformed their male counterparts. Relative to research
because it shows misconceptions of female performance when it comes to fitness testing. What
other exercises need evaluated? My research will provide additional data for exercises that could
be used for combat fitness research.
The group of literature reviewed concludes gender bias can exist even with occupational
fitness testing and that there is a general bias towards females in combat fitness roles.
Additionally, it determines the inability of some occupational relevance tests to correctly judge
fitness levels. Some exercises that were thought to be very difficult for females to perform, such
as passing the pull up requirements in the Marines’ CFT, have been proven inverse when
comparing women and men hat have acclimated to the exercise over time. The literature displays
the overall need for further testing in the realm of combat fitness. It has contributed to this
research through helping identify the weak points of knowledge and highlighting some pitfalls of
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testing design which is used in my methodology. This group of work also brings about the
possibility of incorporating my proposed testing methodology into future related research for
such testing scenarios.
2.6 Future Work and Ongoing Research in This Area
Fitness remains a very important part of the military’s ability to perform its missions. The
PRT is designed to evaluate service men and women’s physical fitness levels and should be a fair
test as it is weighted in career promotions. There is moderate current research involving the
fitness tests of the military, but not enough examining the bias within. There is a need for
research to further investigate and empirically quantify the bias within each force’s fitness tests.
There is a minor amount of research that involves making changes to the military fitness testing
programs through theoretically based improvements, but these need to be actually validated in
ongoing studies. Almost all of the knowledge available pertaining to military fitness testing
includes data on men only. A common theme within the literature review indicates future
research should focus on gathering data on women. Fortunately, there is a trend of research
increasing in this area due to the controversy of women’s physical ability in combat. Although
this will be a great benefit in gaining some data for military fitness, it will likely focus on a small
percentage of personnel specific to combat roles. There is a greater need to research the more
common physical fitness test and scoring systems of the military that all members must
participate in. Most of the work concentrates on the actual ability of women to perform specific
exercises devised for occupational specialty testing. For example, the ability of females to lift
ammo cans repetitively or perform pull ups. The demographics of the military will continue to
change over time and a continuous stream of research will only benefit the US military and
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hopefully continue, even if it is born through controversial news headlines due to the strive for
gender equality.
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CHAPTER THREE: METHODOLOGY
3.1 Research Hypothesis
In order for the military to successfully and efficiently defend the nation against all
enemies, it must be in mission ready status at any given moment. The components of each
military branch must be functioning completely and in harmony. In today’s technologically
advanced force, it is sometimes easy to forget the most important assert of the US military; its
people. Military service members are absolutely essential and it is in the best interest of the
military to retain and promote certain individuals who have shown good service. The process in
which service members are promoted is very competitive and almost all aspects of a member’s
records are examined and weighted for promotion. The PRTs are an important part of this
process and all individuals should be evaluated fairly amongst the branches. Furthermore, it is
important for commanding officers and leaders to accurately know the overall physical
operational readiness of its men and women. A thorough understanding of the forces physical
fitness must be known in order to guide the entire health and wellness programs in the most
beneficial directions. Without an accurate system of measurement, there is no way to truly
understand fitness levels, trends in wellness, and operational readiness as it pertains to the fitness
component. Fairness and equality to all service members also plays a role in measuring for the
fitness tests. Each member, regardless of differentiating characteristics, should be scored fairly
and without bias. The bias in question is of course not intentional, but a consequence of a fitness
program that has remained primarily unchanged throughout decades. Technology, new
understanding of fitness level measurements, military demographics, bio-mechanics research,
and changes in military occupational specialties throughout the past decades are several
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compelling reasons for reviewing the physical fitness tests. Past research has shown a theoretical
bias in the current PRT towards members who have a higher mass; calculated up to 20% in some
scenarios. The objective of this research is to determine if load carriage is a viable option to
eliminate mass bias for female service members in fitness testing. Prior load carriage research
conducted on male cadets showed that adding 30 pounds of weight (in a back pack) to the run
and push- up parts of the PRT effectively eliminated the mass bias for heavier individuals. This
research hypothesis is that adding weight to all PRT events will also effectively eliminate the
mass bias for females. Additionally, a different vehicle for loading the weight (weight vests) will
allow for performing the curl-ups portion if the fitness test and increase the overall scoring
accuracy.
Problem Statement/Research Question:
Does adding load carriage to all the separate components of the Navy Physical Fitness Testing
eliminate body mass bias for women in each event?
Ho: The correlation coefficient is NOT significantly different from 0 (for each PRT event).
Ha: The correlation coefficient IS significantly different from 0 (for each PRT event).

3.2 Proposed Subjects
A comparison of PRT events has been done (loaded carriage versus unloaded) to identify
any statistically significant variance in existing bias. The scope of the research was limited to
women due to the fact that there is very little data available on their performance in military
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physical fitness testing (gap of knowledge). Also, mass bias could have a greater effect on them
due to greater scoring system variances.
The pool of voluntary personnel has been taken from multiple military and non-military
affiliated organizations including the Veterans Affairs Office, UCF ROTC candidates of the
Army/Air Force, armed forces recruiting centers, Student Veteran Association (SVA), and local
(Florida) military bases. Additional individuals were gathered from outside military affiliated
sources such local fitness clubs and centers. The research was limited to the testing methods of
one military branch (Navy) because of resource constraints and the fact that all military branches
have very similar PRT testing with exception to the Marine’s combat fitness test. The Marine’s
combat fitness test is more akin to an occupational specialty test like those of infantry divisions,
Special Forces, or pilots. It is not necessarily intended to gauge overall wellness, but
performance under combat stress scenarios. There was also a scope limitation on the number of
women tested in this research. A sufficient amount of individuals have been tested to ensure
statistical accuracy (35), but it was restricted to within limits of resource constraints. A priori
power analysis determines a sample size of 34 yields a power of 80%. It should be noted that
there is a significant amount of research being conducted on the combat fitness test due to the
recent interest of women in combat roles. Although relevant, this research is not focused on that
specialized testing, but is more concerned with the services overall fitness test which is
represented well with the Navy’s method. This testing is relevant as it may mitigate bias within
any type of military fitness test which uses non-weight biased events.
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Figure 6: Power Curve for Sample Size Selection

Identification of the proper candidates is critical to the research. The candidates asked to
participate must have the ability to perform the tasks with safety in mind foremost. All
candidates were screened with a risk assessment questionnaire similar to the one the Navy uses
prior to its PRT in addition to all required IRB (Institutional Review Board) and University
assessments.
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Figure 7: PRT Health Risk Assessment Questionnaire

The candidates selected were able to participate in both tests and load carriage acclimation
exercises over a given period of time so that all the data could be compared and evaluated
correctly. This was imperative because individual performance was compared between all testing
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and cannot be analyzed if any of the tests were missing for an individual. Individual personal
schedules were considered in selection to include work, class, and family responsibility loads
over the testing periods.
Past research has shown that even a minimal amount of time away from required fitness
standards starts affecting the service member’s performance (Krebsbach, et al, 2012). It is also
shown that active duty members tend to be fitter than the average civilian population and this
must be taken into consideration (Nolte et al, 2002). The persons asked to perform this testing
should be in a similar fitness condition of an active duty sailor. A short physical fitness screening
was given to select candidates to estimate their current levels of overall fitness. Participants were
asked to stretch prior to exercises and a summary of objectives was given. Resting heart rate was
taken for each selected participant. Each person was asked to arm cycle using a portable body
cycle for a short period of time in order to raise their heart rate to 70% of max (220-age) and then
given 80 seconds to rest. Heart rates were monitored with the Polar Electro E600 heart rate
monitors and equipped with chest straps to discover whose heart rates return to near resting over
80 seconds. This test will was used as a rough indicator of current fitness.
1. Calculate 70% Max Heart Rate for start time~ t0
(220 - Participants Age) x .70= HRo
2. Calculate decrease % in heart rate
(HRo - HR80)/HRo = % decrease
**Time will be considered = 0 at the 70% of heart rate mark and the clock will start concurrently with exercise
stopping. The participants hart rate will be recorded at time equals 80seconds (HR80) of resting. The percent
decrease in heart rate will be evaluated and recorded.
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3.3 Data Collection Environment
Test data was collected through the same process required by OPNAVINST 6010J Guide
5. Conditioning and test safety was followed per the required instruction including operational
risk management and the correct environmental conditions. The testing evolution was conducted
with at least one trained Cardio Pulmonary Resuscitation (CPR)-certified monitor and at least
one assistant per every 25 individuals being tested. A minimum of two monitors were present for
each test. An emergency assistance plan was in place which included telephone numbers and
procedures for emergency situations.
The test site was a level pre-measured 1.5 mile course along with sufficient flat ground to
perform the static events. Course distance was measured with walking wheel and handheld GPS
to verify accuracy. Weather was monitored for safety and observed prior to start of testing. The
observation includes forecasted weather conditions prior to events and monitoring during testing
as well. The PRT was not to be conducted under harsh environmental conditions. As required,
the test was not be performed outdoors when wind chill is 20 F or lower, or when “black flag”
conditions exist (wet bulb globe temperature (WBGT) of 90 F or higher. No hazards to subjects
from traffic or other obstacles occurred.
Data and information was recorded on the Pretest Fitness Indicator sheet (APPENDIX C)
and used along with other measurements and self-evaluations (APPENDIX D) as an indicator of
current overall fitness for participant selection. It was important for participants not to be at
physical risk and fall within current Navy demographics for fitness. The pretest were not used to
take the best results in heart rate scores, but used to validate selected individuals who are above
average fitness levels and verify extenuating safety concerns do not exist.
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3.4 Data Collected
It was desirable to start with a large pool of volunteer candidates for the research and then
narrow down the participants to a number which was statistically acceptable (35-40 at .80 Power
Level) given limited resources and other selection constraints. These included safety, availability
to complete all testing, current physical fitness condition and matching Navy demographics. At
the same time, it was important not limit and narrow the window of fitness types or the bias may
not be observable. There must be some variance in mass for the testing. The following
measurements and data were recorded and critical to research analysis.


Body characteristics including height, weight, age, and BMI.

Initial body composition and weight was recorded for candidates this was completed with an
Omron HBF-516 Full Body Composition Monitor and traditional height/weight charts utilized
by the Navy. The impedance meter was utilized in order to go through a larger pool of candidates
without performing multiple tape measure calculations as well as verify height/weight charts. A
different method of body composition analysis was used after for candidates who did not meet
regulatory requirements (measuring tape). The measurements taken with the tape were input into
the designated “female”, equation for calculation.
Females:
% body fat = 163.205 X Log10 (waist circ. + hip circ. – neck circ.) - 97.684 X Log10 (height) 78.387
(N = 202, R = 0.856, SEE = 3.61 % fat)

51



Pre fitness test data which includes heart rate monitor of resting heart rate and heart rate
after arm cycling test completion.

Participants were asked to stretch prior to exercises and a summary of objectives given.
Resting heart rate will be taken. Each person will be asked to arm cycle using a portable body
cycle for a short period of time in order to raise their heart rate to 70% of max (220-age) and then
given 80 seconds to rest. Heart rates were monitored with the Polar Electro E600 heart rate
monitors equipped with chest straps to discover whose heart rates return to near resting over 80
seconds. This test will be used as a general indicator of current fitness.


PRT unloaded test raw scores (Distance Run, 2 Min Max Curl-Ups, 2 Min Max PushUps)

The PRT was performed in the unloaded condition prior to weight vests being used. The test
performed were conducted per OPNAVINST 6010 instruction. Scoring was recorded manually
on sheets designed to accurately, quickly, and simply record the results (APPENDIX E).
Distance run times were measured with standard sports stop watch counters and associated
candidates identified with a bib pin numbering system such as those used in marathons. CurlUps and Push-Ups were recorded manually by paired test partners. These are the same methods
of counting used per the Navy instructions. All scores were recorded on the same raw score
sheets.


PRT loaded carriage test raw scores (Distance Run, 2 Min Max Curl-Ups, 2 Min Max
Push-Ups)

The PRT was performed in the loaded condition (weight vests) only after an acclimation
period (conducted prior to any recorded results taken). The test was performed per OPNAVINST
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6010J instruction. Scoring was recorded manually on sheets designed to accurately, quickly, and
simply record the results. Distance run times were measured with standard sports stop watch
counters and associated candidates identified with a bib pin numbering system such as those used
in marathons. Curl- Ups and Push-Ups are to be recorded manually by paired test partners. These
are the same methods of counting used per the Navy instructions. All scores are to be recorded
on the same raw score sheets.

Figure 8: Tools used for Research & Data Collection
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3.5 Experimental Design and Statistical Analysis Approach
The research analysis was approached through gathering a representative pool of
individuals who accurately depict the current demographics of women service members. The
pool of voluntary personnel was taken from multiple military affiliated organizations including
the Veterans Affairs Office, UCF ROTC candidates of the Army/Air Force, armed forces
recruiting centers, Student Veteran Association (SVA), and local (Florida) military bases.
Additional individuals were gathered from outside military affiliated sources such as fitness
clubs and gyms.
Volunteer’s needed to meet all pertinent safety requirements as directed by the University
and standard military fitness testing protocol. This involved several risk and health assessment
questionnaires prior to any testing. Once it was determined safe testing can was performed.
Selected subjects were asked or volunteered to perform a short fitness assessment including heart
rate monitor during exercise and all participants had their body mass index recorded and took a
written fitness survey. This information was used to make sure the candidates selected were
within the desired matching fitness levels US Military majority. Slightly above average fitness
levels than general population. The selected individuals were asked to perform the current PRT
test per Navy instruction OPNAVINST6010.x and performance data was recorded. A second test
was administered under the same instruction, but with a specified load to be carried by each
individual during the event (20 lbs.). Full test procedures are provided in Appendix E. There was
a rest period between testing for safety and so that exhaustion did not interfere with test data as
well. The data was compiled and then validated through comparison with general summary
statistics of like demographic groups (Navy Fitness Scoring Scales), documented allometric
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scaling research, and analyzed for correlation to detect bias. The data gathered from the two
separate tests was then analyzed with Minitab statistical software and evaluated through
Hypothesis testing, Paired T-test, and Pearson Product Moment Correlations. Results and
recommendations for the loaded carriage test as mitigation of mass bias will be given. This
research has been discussed with a subject matter expert, Dr. Paul Vanderburgh, who agrees the
methodology outlined for testing with weighted vests should answer the problem
statement/hypothesis devised. It was also noted that there is a need for this work due to the
current gap in knowledge in female PRT fitness data.
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Research Methodology Summarized Steps

STEP 1
Volunteer pool
selection:
Risk assessment, BMI,
scaling, demographic
match, current
physical fitness levels
via pretesting w/ body
cycle

STEP 2
Acclimate volunteers
to be tested with
loaded carriage vests,
minimum of two
sessions with load

STEP 3
Perform standard PRT
as control test and
record data from
event.
Perform loaded PRT
and record data.

Figure 9: Proposed Methodology Flow
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STEP 4
Analysis of Data:
Analyze results from
both tests with
statistical software for
HT, PPC, TT, GLM

STEP 5
Report results and
conclusion, Including
if load carriage is a
viable option for mass
bias mitigation in
female fitness testing

CHAPTER FOUR: FINDINGS
The research data showed a significant decrease in bias when utilizing the weight vests
(loaded carriage). This phenomenon was observed in all components of the Physical Readiness
Test at different degrees. The testing has confirmed loaded carriage tests do indeed mitigate at
least part of the bias seen in the traditional fitness testing due to mass of the individual. To my
knowledge there is no comparative study for either male or female related to this measurement
for the curl ups portion of testing. The push-ups and timed run components of the fitness test
have not been tested for females, but the observations and conclusions made are analogous to
prior testing performed on males (Vanderburgh, P. M., Mickley, N. S., & Anloague, P. A. 2011).
I have concluded the use of load carriage in the PRT would be a viable and realistic way to make
the test fairer for all member’s required to participate. The vests are not as cumbersome as other
exercise equipment such as stationary bikes or weight benches and make them more logistically
reasonable to use. This is especially true for members deployed to locations around the world or
stationed on smaller vessels that would limit space. Acclimation to load carriage could pose a
problem and took longer than expected during my testing (3-4 versus 2 session). In order for
commanders to implement load carriage they should allow sufficient time for service men and
women to get used to the equipment. Additionally, I found the traditional scoring tables used for
calculating the overall participant PRT scores to be incapable of use for the loaded test. The
testing results were understandably lowered due to the load added during the exercises. This
resulted in a high failure rate under the current scoring system. Additional work would need to
be performed in order to determine a fare revised scale for the loaded PRT.

57

4.1 Research Problem Statement Review
The objective of this study is to determine whether adding weight to individuals while
they are performing the Navy’s Physical Readiness Test would make a statistically significant
change in the outcome relative to an existing bias due to mass. The research question is written
in the following hypothesis statement and analyzed through Paired T-Tests and Pearson Product
Moment Correlation.

Does adding load carriage to all the separate components of the Navy Physical Fitness Testing
eliminate body mass bias for women in each event?
Ho: The correlation coefficient IS NOT significantly different from 0 (for each PRT event).
Ha: The correlation coefficient IS significantly different from 0 (for each PRT event).

4.2 Research Participant Characteristics
Research participant characteristics are important to observe in that we want to mirror, to
the best extent possible, the current demographic of the U.S. Armed Forces. Because this study
concentrates on women, we are not concerned with the gender make up, but have concentrated
on ethnicity, age, and weight/BMI of the research participants.
4.2.1 Descriptive Statistics of Physical Characteristics
The overall descriptive statistics of the research participants are shown in Table 7. The
total number of participants who completed all phases of the study was 35. Measurements for
height, weight, impedance, and BMI were recorded for further analysis relative to performance.
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Table 6: Descriptive Statistics for Participant Physical Characteristics
Variable

N

Mean

SE Mean St Dev Minimum

Q1

Median

Q3

Maximum

Age

35

26.971

0.800

4.731

18.000

24.000

26.000

30.000

38.000

Height

35

63.200

0.670

3.962

56.000

59.000

63.000

66.000

71.000

Weight

35

152.52

2.76

16.32

124.20

139.32

154.44

162.00

183.00

BMI

35

26.911

0.470

2.781

22.381

24.893

26.507

28.933

32.716

Impedance 35

27.201

0.492

2.912

22.932

25.178

26.329

29.577

33.073

The target ethnic makeup of the participant sample is 68% white, 18% black or African
American, 3.8% Asian, 2.8% multiracial, 1.8% Alaskan native or American Indian, and .7%
native Hawaiian or Pacific Islander. The research study’s actual sample ethnic make-up was
48.2% white, 34.8% black or African American, 1.4% Asian, 7.5% multiracial, 0% Alaskan
native or American Indian, and 0% native Hawaiian or Pacific Islander. Although this is outside
the target goal, it is acceptable when the BMI is brought into view. The main reason for targeting
ethnicity was because it has played a factor in the past when calculating BMI and could make the
PRT standards unfair. The maximum allowable BMI for the Navy is 33% for females and all
participants fall below this requirement. Additionally, height and weight BMI table calculations
were backed up by electrical impedance measurements to makes sure they were in alignment. A
T-Test for BMI height and weight calculations versus electrical impedance yielded results
showing no statistical difference between means μ = 27.2, σ = 2.91 Impedance and 26.91 σ =
2.78 respectively with P Value of 0.671. Therefore we can conclude that both test measurements
are in alignment. Since we have no participant failures on BMI standards it is unnecessary to
drill down into ethnic diversity of the sample and the test remains valid. The test has a range of
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calculated BMI from 22.4% to 32.7%. Recent studies have shown an increase in BMI with the
overweight population being 12.7% for females (Reyes-Guzman, C. M. 2015). The target for 35
total candidates who completed all phases of testing would be 5 participants who are considered
overweight by PRT standards. As previously stated, there are no individuals who failed the BMI
calculation and 1 individual over on the impedance measurement. This is not within the target
range, but 4 individuals are at the threshold of the BMI standard at 32-33%. The average BMI
for the group was 26.911, σ = 2.781.

Figure 10: Ethnic Make Up of U.S. Active Duty Military (DMDC 2011)
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Ethnic Makeup
Category
Asian
Black or African American
Multi-racial
Other or Unknown
White

Asian
1.4%

Black or African American
34.8%
White
48.2%

Multi-racial
7.5%
Other or Unknown
8.1%

Figure 11: Chart of research Particpant Make up

The target age groups for this research study break down as shown in Figure 12 with a
majority (43%) of the participants desired to be 25 or younger at the time of the study. The next
largest group is to be 26-30 year old females (23%). This is followed by 31-35 year old group at
roughly 14%, 36-40 year old at 11%, and 41 and older at 8%. The largest differences in age
demographic from the targeted were in the 26-30 age group with 17.2% difference and the 41
and older group with an 8.8% difference because the group had no individuals over 40 years of
age. The largest portion of participants came from the 26-30 age group followed closely by the
25 and younger age group. We are limited by the number of volunteers for this study and future
research work can concentrate even further on current demographics.
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Figure 12: Active Duty Personnel Ages (DMDC 2011)

Pie Chart of Age Group
Category
25 or younger
26-30
31-35
36-40

36-40
5.7%

31-35
17.1%
25 or younger
37.1%

26-30
40.0%

Figure 13: Research Participant Age Group Overview
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Particpnat weight is a critical factor in the study for determining the relationship between
it and actual perfromance for the loaded and unloaded portions of the PRT. The mean weight for
all participants was 152 lbs, σ = 16.32 which is lower than the U.S. national average of 166.2.
The weights recorded fell within a normal distribution probability plot with a small AndersonDarling statistic .337 and a P-Value of .486 which is >.05 indicating the data is normally
distributed. This distribution assumption is important for further statistical analysis of weight for
the study.

Figure 14: Probability Plot for Participant Weight
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4.2.2 Participant Questionnaire Survey Data
A Physical Fitness Self-Assessment Survey (Appendix D) was given to the research
participants in order to gauge their weekly workout routines, experience with military fitness
testing, and familiarity with weight vests. The assessment yielded results showing 25 of the 35
candidates who completed all phases of the research have never been affiliated with the military
or subsequent fitness tests. This required additional explanation of the rules associated with the
testing, discussion of the military’s purpose for testing, and what would be asked of them. It was
found the highest amount of individuals who had been affiliated with the military were veterans
of the Navy and familiar with the PRT. This was followed by the Air Force, ROTC, and Army
respectively. These individuals still went through a refresher training to understand the
requirements of the study, especially the loaded version of the test.
Chart of Affiliated
25

Count

20

15

10

5

0

No

NAVY

AIR FORCE

ROTC

ARMY

Affiliated

Figure 15: Current or Prior Affiliation of All Participants with the Military
Those individuals who were associated with prior military experience or testing were asked if
they had ever failed a military fitness test. One individual, 3% of entire sample, had failed a test
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in the past during initial recruit training. All other individuals who participated had never failed a
PRT. This represents 10% of individuals who had been affiliated with the military and is
consistent with military failure rates.
Pie Chart of Failed PRT
Category
No
Yes

3.0%

97.0%

Figure 16: Percent of Participants who have Ever Failed a Past PRT

In order to understand the participant’s fitness and exercise habits, the self-assessment
asked about their weekly workout routines. The group’s weekly time participating in fitness
activities varied greatly with many individuals exercising several times per week. It was found
the average exercise time in minutes per week for the group was μ = 227.3, σ = 87.02. This is
generally higher than the amount of time for most Naval occupations, specifically ship’s force
personnel, who undergo Physical Training 2 times per week for 60 min. Although t should be
mentioned many service men and women exercise more than the 2 times per week allotted for
divisional Physical Training (PT). The method of exercise also varied between individuals with
most (9) identifying their exercise routine with running/jogging. This may be due to the fact
those who volunteered understood one of the major components of the research study would be
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the 1.5 mile timed run which attracted them. Six participants identified with exercises that were
not listed on the self-assessment, for example hiking, kayaking, or Cross-Fit. Others participated
in utilizing stationary equipment, weight lifting, organized sports, cycling, dance, and push/curlups.
Histogram of Exercise /week (min)
Normal

Mean 227.3
StDev 87.02
N
35

10

Frequency

8

6

4

2

0

100

200

300

400

Exercise /week (min)

Figure 17: Exercise Time (min) per Week for Research Participants

Chart of Exercise
9
8
7

Count

6
5
4
3
2
1
0

Running

Other

Stationary

Sport

Weights

Cycling

Exercise

Figure 18: Method of Exercise for All Research Participants
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Dance

PU-CU

Research participants were asked if they had any experience in exercising with weighted
vests in the past. It was found that 8 (22.9%) of research participants had prior experience with
weighted vests. A majority of these participants had minimal experience with vests only utilizing
them a few times during work out sessions.
Pie Chart of Weight vest
Category
No
Yes
22.9%

77.1%

Figure 19: Percentage of Research Participants who had Prior Experience with Weighted Vests

The intention of the self-assessment survey was to gauge participant’s fitness levels,
work out habits, and prior experience with certain components of the study. This allowed me to
estimate a learning curve for acclimation to the loaded portion of the study as well as provided a
possible explanation to any outliers found within the data. For example, if a participant routinely
used weighted vests for exercise while running and scored abnormally high on the test. It also
played a role in safety to assess individuals who were sedentary in fitness.
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4.2.3 Disqualification of Participants for the Physical Readiness Test
A total of 8 participants were disqualified from testing because of various reasons. One
participant was disqualified because of a pregnancy within the last year. Prior research has
shown recent pregnancies can negatively affect military fitness test scores (Weina, S. U. 2006).
A majority of those disqualified for the research study (4) completed the first phase of testing,
but had limited availability or didn’t show up to 2nd assessment. This disqualified them because
there could be no comparison between loaded and unloaded test treatments with only one data
set. The remaining 3 individuals who were disqualified from the testing were because of a selfperceived inability to complete all phases of the testing. One individual requested to end the test
during the first phase (unloaded) and 2 other individuals were uncomfortable with performing
exercises with the weighted vest and felt they could not get acclimated. Participants disqualified
or opting out of the study represented 19% of the total candidate pool with roughly 5% due to
weight vest acclimation. The 5% who were uncomfortable with the weight vest acclimation
could pose a problem if this type of test was implemented into the U.S. Military fitness testing.
Although this represents a small percentage, all individuals may not feel comfortable with
weighted carriage and should have additional unbiased testing options.
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4.3 Participant’s Physical Readiness Performance Test Results
Research participant Physical Readiness Test result data has been collected for both the
loaded and unloaded components of the research. This data was statistically analyzed to answer
the research question posed. A table of descriptive statistics (Table 8) is provided to gain an
overview of the data sets. Assumptions for normality of performance data was observed to
satisfy any requirements for statistical analysis conducted. Thirty-five individuals participated in
the study which was found to be an acceptable sample size through power analysis reviewed in
section 4.3.2. This was followed by a paired T-Test to verify there was a statistical difference
between the treatment means of loaded versus unloaded performance measures. An exploration
of and comparison of correlation (weight vs performance) was conducted to specifically answer
the research hypothesis that loaded carriage effectively reduces the mass bias found in the PRT.
4.3.1 Descriptive Statistics of Test Results and Probability Distributions
A review of descriptive statistics shows the overall results for all components of PRT
including loaded/unloaded push-ups, curl-ups, and the timed distance run. The tables and figures
following have been labeled using the term formatted as (exercise 1 as the unloaded test) and
(exercise 2 as the loaded test). For example, curl-ups 1 was the initial test given in the unloaded
condition without weighted vests while curl-ups 2 labels the second test given in the loaded
condition. The unloaded portion of the test resulted in understandably higher score values than
the loaded test which was expected and understandable. Only one individual actually performed
better on one exercise in the loaded condition (the timed run).
The unloaded push-ups mean repetitions showed μ = 22.43, σ = 10.13 and loaded showed
μ = 12.36, σ = 5.003. This represents a decrease of 44.9% in overall repetitions for push-ups. In a
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prior study conducted with loaded 30 lb back packs instead of 20 lb vests on 56 male cadets, the
reduction in push-ups repetition was 32.2% as a comparison (Vanderburgh, P. M., Mickley, N.
S., & Anloague, P. A. 2011). The unloaded push-ups test result for my study μ = 22.43 fits the
“Good” performance scale of repetition scoring for the mean age group of 25-29 year olds of 1937 repetitions. This could be considered the average result in PRT testing when relating to the
current scoring system.
The unloaded curl-ups mean repetitions showed μ = 63.23, σ = 21.86 and the
loaded curl-ups showed μ = 37.40, σ = 10.25. This represents a decrease of 40.9% in overall
repetitions for curl-ups by the group. The unloaded curl-ups test result for my study μ = 63.23
fits the “Good” performance scale of repetition scoring for the mean age group of 25-29 year
olds of 54-84 repetitions. This could be considered the average result in PRT testing when
relating to the current scoring system. Unfortunately, there seems to be no prior loaded curl-up
test performed on military fitness for males or females to compare.
The unloaded timed run mean time in seconds showed μ = 967, σ = 192.2 and
loaded showed μ = 1287, σ = 112.8. This represents an increase of 33.1% in overall completion
time for the 1.5 mile run. In a prior study conducted with loaded 30 lb back packs instead of 20
lb vests on 56 male cadets, the increase in the timed run was 18.8% as a comparison
(Vanderburgh, P. M., Mickley, N. S., & Anloague, P. A. 2011). The unloaded timed run test
result for my study μ = 967 fits the “Satisfactory” performance scale of timed run scoring for the
mean age group of 25-29 year olds of 960-900 seconds. This could be considered below average
result in PRT testing when relating to the current scoring system.
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Table 7: Descriptive Statistics for Participant Performance Loaded and Unloaded
Variable

N

N* Mean SE Mean St Dev Minimum

Q1

Median

Q3 Maximum

Push-ups 1 35

0

22.43

1.71

10.13

6.00

15.00 20.00

29.00

48.00

Push up 2

35

0

12.360

0.846

5.003

2.000

8.000

13.000 15.000

25.000

Curl ups 1 35

0

63.23

3.70

21.86

27.00

45.00

62.00

81.00

105.00

Curl ups 2 35

0

37.40

1.73

10.25

12.00

32.00

37.00

43.00

66.00

run (s)

35

0

967.4

32.5

192.2

641.0

813.0

918.0

1146.0

1438.0

Run 2 (s)

35

0

1287.4

19.1

112.8

1089.0

1212.0 1279.0

1388.0 1474.0

Multiple probability plots were developed to determine the normality of all performance
data from the group. This was done to insure all assumptions for data normality for performance
data were met prior to further analysis. Although this was not necessarily required for the Paired
T-Test due to its “robust” nature related to distributions, assumption of normality is needed for
Pearson’s Correlation Testing. A multigraph probability plot is shown in Figure 20
demonstrating the normal distributions according to the Anderson- Darling Statistic and P-Value
>.05 alpha levels.
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Figure 20: Probability Plot for Participant Performance

4.3.2 Statistical Power and Margin of Error (Desired versus Actual)
An analysis of statistical power was conducted prior to gathering research participants for
the study. It was determined a sample size of 34 would be statistically acceptable for an alpha
level .05 and a statistical power of .80. This is based upon the overall scoring method of the
Navy PRT testing. A target goal of 40 participants was sought, but as discussed several
candidates were disqualified from testing. The power and estimated required sample size was
also determined for each PRT exercise component. A recommendation sample size of 35 was
also made by a subject matter expert (Paul Vanderburgh) for my study.

72

Figure 21: Power Curve for Desired Alpha Level

4.3.3 Power and Error (Push Ups)
It was discovered an acceptable sample size to obtain a statistical power of .8 with an
alpha level of .05 for the push-ups component of the research was 9. Total participation sample
size for this PRT component was 35 which exceeds recommended sample size by 26. Inputs for
this analysis were gathered from the standard deviation of pushups and differences between
means for loaded and unloaded performance. A graph is provided for depiction in Figure 22.
Actual power with the sample size of 35 was 1.0.
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Figure 22: Required Sample Size for .8 Statistical Power in Push- Ups

4.3.4 Statistical Power and Error (Curl Ups)
It was discovered an acceptable sample size to obtain a statistical power of .8 with an
alpha level of .05 for the push-ups component of the research was 8. Total participation sample
size for this PRT component was 35 which exceeds recommended sample size by 27. Inputs for
this analysis were gathered from the standard deviation of pushups and differences between
means for loaded and unloaded performance. A graph is provided for depiction in Figure 23.
Actual calculated power for the study is .99.
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Figure 23: Required Sample Size for .8 Statistical Power in Curl Ups

4.3.5 Power and Error (Timed Run)
It was discovered an acceptable sample size to obtain a statistical power of .8 with an
alpha level of .05 for the push-ups component of the research was 7. Total participation sample
size for this PRT component was 35 which exceeds recommended sample size by 28. Inputs for
this analysis were gathered from the standard deviation of pushups and differences between
means for loaded and unloaded performance. A graph is provided for depiction in Figure 24.
Actual calculated power for the study is .99.
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Figure 24: Required Sample Size for .8 Statistical Power for Timed Run

4.4 Statistical Differences between Treatments (Paired T-Test) Loaded vs Unloaded
In order to determine if there is a statistical difference between treatments of the unloaded
versus loaded components of the PRT it is imperative to perform Paired T-Tests between data
sets. This statistical analysis was chosen because it effectively calculates the difference between
before and after measurement pairs and determines if there is a statistical difference. It was
determined that a difference does indeed exists between all test means when evaluated for the
loaded weight vest treatment of each event. As with prior tabled and figures, the (exercise 1
event is for the unloaded condition) the exercise 2 event is for the loaded condition.
4.4.1 Paired T- Test for Push-Ups
A paired T-Test was conducted for the data sets containing performance information for
research participant push-ups. The means of the two tests (μ = 22.43, σ = 10.13 and μ = 12.36, σ
= 5 unloaded versus loaded respectively yielded a 95% confidence interval of 7.86-12.28 (T76

Value 9.27 with a P-Value of 0.00. This concludes that there is indeed a statistical difference
between the data sets after treatment of weight vests. Figure 25 depicts a Histogram of the
confidence interval for the mean beyond the 0 difference mark.
Table 8: Paired T-Test for Unloaded vs Loaded Treatments of Push-Ups
N

Mean

St Dev

SE Mean

Push-ups 1 35

22.43

10.13

1.71

Push up 2 35

12.36

5.00

0.85

Difference 35

10.07

6.42

1.09

95% CI for mean difference: (7.86, 12.28)
T-Test of mean difference = 0 (vs ≠ 0): T-Value = 9.27 P-Value = 0.000

Histogram of Differences

(with Ho and 95% t-confidence interval for the mean)
10

8

Frequency

6

4

2
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_
X
Ho

0
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18

24

Differences

Figure 25: Histogram of Differences of Means for Push -Ups Unloaded vs Loaded
4.4.2 Paired T-Test for Curl-Ups
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A paired T-Test was conducted for the data sets containing performance information for
research participant push-ups. The means of the two tests (μ = 63.23, σ = 21.86 and μ = 37.40, σ
= 10.25 unloaded versus loaded respectively yielded a 95% confidence interval of 20.81-30.8
repetitions (T-Value 10.48 with a P-Value of 0.00. This concludes that there is indeed a
statistical difference between the data sets after treatment of weight vests. Figure 26 depicts a
histogram of the confidence interval for the mean beyond the 0 difference mark.

Table 9: Paired T-Test for Unloaded vs Loaded Treatments of Curl-Ups
N

Mean

St Dev

SE Mean

Curl ups 1

35

63.23

21.86

3.70

Curl ups 2

35

37.40

10.25

1.73

Difference 35

25.82

14.58

2.46

95% CI for mean difference: (20.81, 30.83)
T-Test of mean difference = 0 (vs ≠ 0): T-Value = 10.48 P-Value = 0.000
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Histogram of Differences

(with Ho and 95% t-confidence interval for the mean)
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Figure 26: Histogram of Differences of Means for Curl-Ups Unloaded vs Loaded

4.4.3 Paired T-Test for Timed Run
A paired T-Test was conducted for the data sets containing performance information for
research participant push-ups. The means of the two tests (μ = 967.4, σ = 192.2 and μ = 1287.4,
σ = 112.8 unloaded versus loaded respectively yielded a 95% confidence interval of -369.7 to 270.2 seconds. (T-Value -13.08 with a P-Value of 0.00. This concludes that there is indeed a
statistical difference between the data sets after treatment of weight vests. Figure 27 depicts a
histogram of the confidence interval for the mean beyond the 0 difference mark. It can be seen
the difference here is negative because the timed run is based on minimum time run versus
maximum repetitions. All Paired-T Test analysis concluded a statistical difference between
treatments.
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Table 10: Paired T-Test Unloaded vs Loaded Treatments of Timed Run
N

Mean

St Dev

SE Mean

run (s)

35

967.4

192.2

32.5

Run 2 (s)

35

1287.4

112.8

19.1

Difference

35

-319.9

144.7

24.5

95% CI for mean difference: (-369.7, -270.2)
T-Test of mean difference = 0 (vs ≠ 0): T-Value = -13.08 P-Value = 0.000

Histogram of Differences

(with Ho and 95% t-confidence interval for the mean)
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Figure 27: Histogram of Differences of Means for Timed Run Unloaded vs Loaded
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4.5 Analysis of Correlation between Treatments (Pearson’s Product Moment)
An analysis of correlation between the weight of each individual and their performance in
each PRT exercise has been conducted. This is arguably the most critical factor of the research
study in that the outcome answers the research question through hypothesis testing. Data has
been collected for all research participants including physical characteristics and their
performance for both loaded and unloaded test phases. This data has been evaluated for
normality and Paired T-Tests have shown there is a significant difference between treatment
means for all PRT exercises. Pearson Product Moment Correlation (r value) testing was
conducted to determine the relationship between the variables weight and participant
performance for both loaded and unloaded conditions. The r value (-1 to 1) has been determined
for each event prior to and after weight vest usage. There is a moderate to strong correlation for
all exercises prior to treatment, either positive or negative depending on test, which is
significantly reduced as compared to evaluating the r value after the loaded tests. Although a test
of this nature has never been conducted for military fitness testing on females, some testing has
been conducted with loaded back packs and males (Vanderburgh, P. M. et al 2011). Those test
showed a correlation of r = -.38 with p= .0039 for pushups and r .42 with P=.0013 for the timed
run. The authors successfully showed mitigation of the correlation by significantly reducing the
correlation r = -.06 with p= .661 for pushups and r .06 with P=.661. There are no comparisons
for the curl- up test before loaded carriage for either male or female subjects at this time. The
goal of the loaded carriage is to get the r value as close to 0 as possible which would indicate no
correlation between weight and performance scores.
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4.5.1 Correlation Results for Push-Ups Unloaded versus Loaded
Correlation analysis has been completed for both the unloaded and loaded push up tests
of the PRT performed by each research participants. The correlation was observed between the
participants weight and push-up repetitions before and after the use of the 20 lb weighted vest.
There was a moderate negative correlation coefficient of r = -.442. P= .008 which indicates as
the participant’s weight increases their repetitions of push-ups decreases. The correlation
coefficient changes on observation of the loaded push-ups test with r = -.096, P= .583. This
indicates there is still a very weak negative correlation, but it is reduced by 78%. Figure 28 and
29 depict both the unloaded and loaded correlation between weight and push-ups repetitions. It
can be seen that the overall repetition mean for push up decreases as well.

Scatterplot of Push ups 1, Push up 2 vs Weight
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Figure 28: Scatterplot of Push-Ups vs Weight Correlation Unloaded and Loaded
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Figure 29: Scatterplot of Push-Ups vs Weight Correlation Unloaded and Loaded (Overlaid
Graph)

4.5.2 Correlation Results for Curl-Ups Unloaded versus Loaded
Correlation analysis has been completed for both the unloaded and loaded curl- up tests
of the PRT performed by each research participants. The correlation was observed between the
participants weight and curl-up repetitions before and after the use of the 20 lb weighted vest.
There was a moderate negative correlation coefficient of r = -.458, P= .006 which indicates as
the participant’s weight increases their number of curl-up repetitions decreases. The correlation
coefficient changes on observation of the loaded curl-ups test with r = -.070, P= .688. This
indicates there is still a very weak negative correlation, but it is reduced by 85%. Figure 30 and
31 depict both the unloaded and loaded correlation between weight and push-ups repetitions. It
can be seen that the overall repetition mean for push up decreases as well.
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Scatterplot of Curl ups 1, Curl ups 2 vs Weight
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Figure 30: Scatterplot of Curl-Ups vs Weight Correlation Unloaded and Loaded

Figure 31: Scatterplot of Curl –Ups vs Weight Correlation Unloaded and Loaded (Overlaid
Graph)
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4.5.3 Correlation Results for Timed Run Unloaded versus Loaded
Correlation analysis has been completed for both the unloaded and loaded timed-run tests
of the PRT performed by each research participants. The correlation was observed between the
participant’s weight and the number of seconds taken to complete the 1.5 mile run before and
after the use of the 20 lb weighted vest. There was a strong positive correlation coefficient of r =
.611, P= .000 which indicates as the participant’s weight increases their run time also increases.
The correlation coefficient changes on observation of the loaded timed distance run test with r =
.095, P= .587. This indicates there is still a very weak positive correlation, but it is reduced by
84%. Figure 32 and 33 depict both the unloaded and loaded correlation between weight and time
(in seconds) to complete the timed run. It can be seen that the overall mean time for the run
increases as well.
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Figure 32: Scatterplot of timed-Run vs Weight Correlation Unloaded and Loaded
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Figure 33: Scatterplot of timed Run vs Weight Correlation Unloaded and Loaded (Overlaid
Graph)
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Figure 34 : Scatterplot Overview of All Exercises Push-Ups, Curl-Ups, & Timed Run
performance vs Weight
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4.5.4 Research Question Hypothesis Test
In order to answer the research question and determine if the weight vests significantly
reduced the mass bias found in the PRT exercises we conduct the following hypothesis tests.
Each test has been rewritten to be more specific to each PRT exercise being tested.

Ho1: The correlation coefficient IS NOT significantly different from 0 for the PRT push-ups.
Ha1: The correlation coefficient IS significantly different from 0 for the PRT curl-ups.
The Pearson correlation of participant weight and Loaded Push-ups r = -0.096 with P-Value =
0.583 which is greater than > our .05 significance level for this test and we accept the null
hypothesis that there IS NOT a significant difference from 0 for the PRT push-ups. The weight
vests successfully mitigated the bias in the Push-ups exercise of the PRT.

Ho2: The correlation coefficient IS NOT significantly different from 0 for the PRT curl-ups.
Ha2: The correlation coefficient IS significantly different from 0 for the PRT push-ups.
The Pearson correlation of participant weight and loaded Curl ups r = -0.070 with P-Value =
0.688 which is greater than > our .05 significance level for this test and we accept the null
hypothesis that there IS NOT a significant difference from 0 for the PRT push-ups. The weight
vests successfully mitigated the bias in the Curl-Ups exercise of the PRT.
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Ho3: The correlation coefficient IS NOT significantly different from 0 for the PRT timed run.
Ha3: The correlation coefficient IS significantly different from 0 for the PRT timed run.
The Pearson correlation of participant weight and loaded Timed Run is r = 0.095 with P-Value =
0.587 which is greater than > our .05 significance level for this test and we accept the null
hypothesis that there IS NOT a significant difference from 0 for the PRT push-ups. The weight
vests successfully mitigated the bias in the Timed Run exercise of the PRT.

Table 11: Summary Results of Correlation Testing
PRT Exercise
Push-Ups

Unloaded Results r value
with P value
-.442, .008

Loaded Results r value
with P value
-.096, 0.583

% Decrease in r
value
78

Curl- Ups

-.458, .006

-.070, 0.688
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Timed Run (1.5
Mile)

.611, 0.00

.095, 0.587
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CHAPTER FIVE: CONCLUSION
This research study investigated the use of load carriage through weighted vest as a
method to mitigate mass bias found in military fitness testing. Mass bias is an inherent problem
with the types of body weight only exercises utilized in all of the U.S. Military branches. We
have seen through reviewing literature the current military fitness testing has changed little
throughout the past several decades although there has been steady evolutions that should have
provided the impetus such as a drastically changing demographic. The current test methods of
performing push-ups, curl-ups, and a timed run is logistically sound and simple in nature
providing a roadblock to change. Although we have examined several different methods make
the fitness testing more accurate and fair, some methods would be difficult to implement. The
need remains for a viable way that commanders can easily eliminate mass bias making the
current test method fare for all service members. Especially since the resulting test outcomes can
greatly affected their career paths. Prior research has shown loaded carriage to be effective when
dealing with male cadets and mass bias. This research sought out to determine if an improved
load carriage method (weighted vests versus loaded back packs) would work for female service
members to which there is little to no data. A sample research participant group was organized
based on the current U.S. Military female demographics. Gathering the target participants
included evaluations of current fitness levels and physical characteristics prior to testing. The
group was acclimated to exercising with weight vests and participant performance was gathered
through multiple evolutions of the Physical Readiness Test. The data sets gathered were
statistically analyzed to determine if the mass bias seen prior to using the weight vests was
eliminated during the second test with the weighted vests. Hypothesis testing using Pearson
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Product Moment Correlation (r value) yielded results showing the weight vests effectively
lowered these correlation values 78%, 85%, and 84% for the push-ups, curl-ups, and timed run
events respectively. The resulting r values were effectively zero through implementing the
changes. Although these findings cannot be directly related to prior studies on male members,
they are in alignment with the prior successful use of load carriage to mitigate mass bias. It is my
hope that the resulting findings from this study can be used as a basis to implement load carriage
and make military fitness testing farer for all members.

5.1 Contributions to Body of Knowledge
There is a wealth of information in prior research pertaining to exercise fitness and
testing. This body of knowledge is narrowed down when relating these studies to military fitness
testing and even further filtered when discussing bias within the current military fitness tests.
There is a substantial gap of knowledge pertaining to required fitness tests and females members
which should be addressed. The lack of data on female members is probably due to the fact the
military has traditionally been a male dominated organization.
Prior studies have shown that mass bias is a quantifiable issue in the current fitness
testing and there are limited studies demonstrating methods on how to mitigate it. Various
authors recommend different techniques including mathematical corrections to the scoring
systems and changing exercises completely, but none of them have been implemented. This is
likely due to specific arguments against such methods combined with the simplistic nature of the
current test method. Commanders require a solution that can be deployed to remote locations,
ships at sea, and home bases alike. Utilizing loaded carriage vests may provide that solution in
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that they are not over encumbering to be deployed to needed locations and can be easily utilized
during testing. Limited prior research involving males has shown the load carriage method to
work in eliminating mass bias for the push-ups and timed run events. The researchers used back
packs which did not allow them to gather data on the curl-ups component of testing and could be
awkward in maneuvering during fitness testing. The acclimation period for members to get used
to back packs could very well be higher than vests which are designed for fitness purposes.
Although the study showed loaded carriage could be used for males on the push-ups and timed
run, there was no validation that load carriage would work for female members.
This research study contributed to the body of knowledge in that an improved load
carriage method employing weighted vests can now be used for female members that will
successfully mitigate mass bias on all three components of the military fitness tests. This method
could not have been implemented in units which consist of mixed genders. There was no
validation of success or usefulness for females in prior work conducted before this study.
Additionally, data gathered from this study can be extended to research pertaining to other
military fitness tests including occupational relevance and combat fitness. The addition of fitness
data on females for military testing helps fill the lack of data that exists for this gender.

5.2 Future Research
The military will most certainly be a required asset well into the future of the U.S. and
the global community as well. As the world continually advances there will be an unending need
for the evolution of Armed Forces along with it. Failure to do so will result in losses to
efficiency, operating effectiveness, and global security. We have seen an example of an
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unchanged fitness test method which can effect service men and women’s careers and doesn’t
provide an accurate to commander of actual fitness levels and readiness. Continued research will
help close gaps in knowledge related to the military and the realm of fitness is no exception. As
discussed, there remains a large lack of data for female service members. Recent topics within
the news headlines have brought some attention back to the topic of military fitness testing such
as the debate of whether women should be allowed in combat roles. The tests required for
military occupational specialties which require combat training and fitness differ from traditional
military fitness tests involving push-ups, curl-ups, and timed runs but are very important in
bringing equality for all members. A larger pool of highly qualified personnel who can perform
the required duties will only benefit the Armed Forces. Further studies are required in
occupational relevance, combat fitness requirements, and the advancement of overall wellbeing
for all members.
This research was limited to a small group of participants and could be expanded upon.
Some limitations included issues with the current scoring system. When individuals complete
military fitness testing their raw scores are translated to another scale. It was found that utilizing
the weighted vests lowered scores on this scale so that essentially all members would receive a
failing grade of unsatisfactory. Research in developing a new scale in conjunction with loaded
carriage would require an expanded study to determine what scores are considered satisfactory,
good, excellent, and maximum. It was also discovered some individuals were uncomfortable
with the weighted vests and they could not properly acclimate to using them for the test. Further
research could be conducted in better assessing the average time and methods best used for
making members comfortable. The study conducted went through great lengths to mimic the
current U.S. Military female demographic, but the U.S. Military would obviously have the best
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means of hitting the target demographics with their own personnel. These studies could be
extended to current active duty members both male and female to gain further insight and make
possible improvements. There is an inherent risk with any physical activity and increased mass
has been shown to be a possible contributor to injury during distance evolutions. Prior studies
pointed to long marches rather than 1.5 -2.0 mile runs, but prolonged use of vests that increase
mass could possibly contribute to complications among members. Further research could be
conducted to determine if utilizing load carriage 2 times per year would be a safety concern over
a longer period of time. There were no injuries in this study, but safety should always be of the
highest concern. The 20 lb load chosen was based off of ratios taken from prior studies on males.
A lighter load may indeed yield acceptable results in mitigating the mass bias, but additional
testing would need to be performed. Future research could include a study for various loaded
conditions including weights at 20, 15, and 10 lbs. to determine which load is the most efficient
at mitigating the mass bias.
These are some recommendations for future research in hopes that a continued
effort will be made to fill the growing gap of knowledge related to military fitness and the female
gender. This study found that loaded carriage could be implemented as a means for commanders
to eliminate bias in current fitness testing. This method has now been validated for both males
and females. Although different vehicles for establishing the load were utilized, it should be
viable to perform the current fitness tests for combined gender units.
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APPENDIX B: PARTICPANT AVAILABILITY QUESTIONNAIRE
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BODY MASS BIAS MITIGATION FOR WOMEN IN MILITARY PHYSICAL
READINESS
TESTING THROUGH LOAD CARRIAGE IMPLEMENTATION
PARTICPANT AVAILABILITY QUESTIONNAIRE
Principal Investigator(s):

Aaron Yeaton

Faculty Supervisor:

Pamela McCauley, PhD

This research study requires several meetings over the period of 4 weeks. Each meeting is specifically
designed to gather vital information used for the final analysis of the project. It is very important that
test participants take part in each meeting throughout the study. We realize that participating in this
study is a commitment outside your normal obligations and may be difficult at times. This form will be
used to determine your availability for the study (and the groups as a whole) to make the most
acceptable and efficient schedule.
Estimated time required per each week of the study

Week Number of Meetings

Total time of all meetings for week

1

2

1 hour 45 minutes

2

2

2 hours

3

1

2 hours

4

1

2 hours

Your weekly availability - please indicate by (x) the day of the week you are most available
Time
of day
a.m.
p.m.

Monday

Tuesday

Wednesday

Thursday

Friday

Participant Number: _______________________________________________
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Saturday

Sunday

APPENDIX C: PARTICPANT PRETEST PHYSICAL ASSESSMENT
DATA SHEET
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BODY MASS BIAS MITIGATION FOR WOMEN IN MILITARY PHYSICAL
READINESS
TESTING THROUGH LOAD CARRIAGE IMPLEMENTATION
PARTICPANT PRETEST PHYSICAL ASSESSMENT DATA COLLECTION SHEET
Principal Investigator(s):

Aaron Yeaton

Faculty Supervisor:

Pamela McCauley, PhD

Participant General/Contact Information
Name

Phone number

Email address

Participant Measurements taken prior to arm cycle test:
Measurement

Reading

Age
Height
Weight
Ethnicity
Omron HBF-516 Body Composition
Natural Waist
Hip
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Times workout per
week?

Neck
CV= (Waist + Hips –Neck)
Max HR = 220 – Age
70% Max HR for arm cycle test = (220-Age)*.70

The persons asked to perform the PRT should be in a similar fitness condition of an active duty sailor. A
short physical fitness screening will be given to estimate current levels of overall fitness. Participants will
be asked to stretch prior to exercises and a summary of objectives given. Resting heart rate will be
taken. Each person will be asked to arm cycle using a portable body cycle for a short period of time in
order to raise their heart rate to 70% of max (220-age) and then given 80 seconds to rest. Heart rates
will be monitored with the Polar Electro E600 heart rate monitors equipped with chest straps to
discover whose heart rates return to near resting over 80 seconds. This test will be used as a rough
indicator of current fitness.
1. Calculate 70% Max Heart Rate for start time~ t0
(220 - Participants Age) x .70= HRo
2. Calculate decrease % in heart rate
(HRo - HR80)/HRo = % decrease
**Time will be considered = 0 at the 70% of heart rate mark and the clock will start concurrently with
exercise stopping. The participants hart rate will be recorded at time equals 80seconds (HR80) of resting.
The percent decrease in heart rate will be evaluated and recorded.

Measurements taken during arm cycle test:
Measurement

Reading

Time start cycle
70% MHR Start time (To)
Actual Heart Rate at To (HRo)
HR after 80 seconds (RHR)
% Decrease = (HRo - HR80)/HRo
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BODY MASS BIAS MITIGATION FOR WOMEN IN MILITARY PHYSICAL READINESS
TESTING THROUGH LOAD CARRIAGE IMPLEMENTATION
SELF FITNESS ASSESSMENT QUESTIONNAIRE
Principal Investigator(s): Aaron Yeaton

Faculty Supervisor: Pamela McCauley, PhD

PARTICPANT #: Your participant number found on the race bib assigned during first meeting.
____________________________________________________________

1. I am or have been affiliated with the U.S. Armed Forces including status of any of
the following: veteran, retired, active duty, Reserve Guard, ROTC.
Yes / No ….. ** If you answered yes, please note your affiliation/experience and if you
have ever failed a Military Fitness Test and for which branch of service. **
________________________________________________________________________
____________________________________________________________
2. How many times a week do you exercise and usually how long?
__________________________________________________________________

3. What exercises do you mostly perform? Please circle any that apply.
Weight Lifting

Running

Aerobics/Dance…

Curl-Ups/Push-Ups

Organized Sport

Cycling

Walking

Stationary Equipment (Bike/Elliptical)
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Other (Please Specify)

__________________________________________

4. Have you ever used a weighted vest for working out? Yes / No
** If yes, please list how often you use/used weighted vests, what weight, and what activities or
exercises di you perform.
__________________________________________________________________

__________________________________________________________________
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APPENDIX E: PHYSICAL READINESS TEST DATA COLLECTION
SHEETS
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BODY MASS BIAS MITIGATION FOR WOMEN IN MILITARY PHYSICAL
READINESS
TESTING THROUGH LOAD CARRIAGE IMPLEMENTATION
PHYSICAL READINESS TEST DATA COLLECTION SHEET
Principal Investigator(s):

Aaron Yeaton

Faculty Supervisor:

Pamela McCauley, PhD

Participant Contact/General Info:
Participant #

Phone number

Email

PRT Unloaded Test # 1 Results
Measurement / Test

Result / #

Bib number (1-40)
Curl – Ups
Push- Ups
Time start push- ups / time start run
Timed Run (min:sec)
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Health Questionnaire
Complete (x)

PRT Loaded Test # 2 Results
Measurement / Test

Result / #

Bib number (1-40)
Curl- Ups
Push- Ups
Time start push-ups/ time start run
Timed run (min:sec)

PRT events shall be completed on the same day, at least 2 minutes, but no more than 15 minutes
between each event and in the following sequence:
a. Curl-ups
b. Push-ups
c. Cardio-respiratory fitness

106

107

APPENDIX F: IRB OUTCOME APPROVAL LETTER
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